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CHAPTER I

INTRODUCTION

1-1. PURPOSE OF THE EQUIPMENT

The purpose of the Milgo Electronic Corporation (MEC) Model 76 Comparator

Receiving Register is to receive a 408 bit serial word by means of 4 data lines (each data

line presenting the same data) from a MEC Model 75 Data Receiver.* This data is pro-

cessed and made available for a continuous readout. A complete word is received in 500

milliseconds. Also available from the output of the 75 Data Receiver are two control sig-

nals, "copy" and "EOW". The "copy" pulses are received one each millisecond and are

used for shift register shifting purposes. The "EOW" pulse is presented at the end of each

(408 bit) data word and is used for controlling the renewing of the new data to the outputs of

the Comparator Receiving Register. This word is divided into three sections, "odd readout",

"even readout" and "every readout". _;;:-"The "odd readout" and "even readout" are renewed

every 1000 milliseconds with the "odd readout" being renewed at the end of 500, 1500, 2500

etc. milliseconds, and the "even readout" being renewed at 1000, Z000, 3000 etc. milli-

seconds. The "every readout" is renewed every 500 milliseconds. There is a total of 171

"even readouts", 17l"odd readouts" and Z37 "every readouts". Each readout data line is

available on MS plugs at the rear of the rack and will drive a load of Z00 hIA at -17 volts.

A "l" is -17 volts and a "0" is 0 volts. These outputs are to be used for the input of D-A

converters and to operate digital displays.

I-Z. SCOPE OF THE MANUAL

This instruction manual describes the MEC Model 76 500 Bit Receiver, designed and

manufactured by Milgo Electronic Corporation for International Business Machines, Federal

Systems Division, Kingston, New York, in conjunction with Project Mercury.

I-3. PURPOSE OF THE M.ANUAL

' _ I. "_-'- "--* ...._ m_nua! _ p_:,_,_a_,1 _ _n =_rl fn hpt_r llnderstanding the oner-

ation and theory behind the MEC Model 76 500 Bit Receiver and its associated equipment .

It offers a complete technical explanation coupled with applicable illustrations, with an

estimation of the interest and questions of the qualified technician.

1-3. Z. It is strongly urged that the operator, or any person involved in the operation

of this equipment, thoroughly read and fully understand the contents of this manual.

In reference to unit title, COMPARATOR RECEIVING REGISTER and 500 BIT RECEIVER

are interchangeable.

_ In reference to frame bit terminology, the term, "every" and the term, "common" are

interchangeable as used in conjunction with frame bit designations "odd" and "even".

l-I
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Figure 1-2. MEC Model 76 Comparator Receiving Register, Rear View
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CHAPTER II

GENERAL DESCRIPTION

Z-1. GENERAL

K4EC Model 76 500 Bit Receiver receives a 408 bit data word from a K4EC Model 75

Receiver. The data is received by means of four independent data lines, each line having

the same data present. Two control inputs, Copy and EOW are also provided by means of

four input lines. A comparison circuit selects three of the four data lines, compares them

with each other, and a composite data bit is obtained on the basis of at least two of the three

data lines being alike and correct. The reason for the redundancy is to provide a more

reliable input of correct data {as it is remotely impossible for all inputs to be inoperative at

sam_ time). A comparison circuit within the 500 Bit Receiver will select 3 of the 4 input

lines and make a Z out of 3 comparison with a resultant which should have eliminated all

data errors. The data under control of the Copy pulses is shifted through the 408 Bit Shift

Register. Upon receipt of the EOW, bits _84 and _85 are compared to determine if the data

word is an "odd" frame or an "even" frame. If the data is in an "odd" frame, then a

portion of the data is put into parallel readout storage in one group of flip-flops {"odd" data

storage) and if the data is an "even" frame, then the same portion of the data is put in

storage in a different set of flip-flops {"even" data storage). A second portion of the re-

ceived data is always put in the sam_ storage group {"every" data storage). Each tim. °- a

new data word is received, the old data is erased and the new data is inserted. Data re-

mains in the parallel readout flip-flops at all times, except for approximately 100 micro-

seconds out of 500 milliseconds when the new data is being inserted. The input data word

is divided into 171 "even-odd" bits and Z37 "every" bits. A control pulse for the D/A

Converters is provided as "D/Ahold". A new word is processed every 500 milliseconds.

Z-Z. PHYSICAL DESCRIPTION

Z-Z. I. The 500 z_L_'" Receiver _="- housed .,,=- _,'o o...._=.._=.'_"-'4_ _x;1.^.....sv+.zr_.... .ln0v-al.. _. Rares._..

which are 74 1/8" high, Z3 9/16" wide and ZZ" deep. The two racks are set side by side

and occupy a floor space of 48" by ZZ". To facilitate the opening of the rear doors there

must be Z4" clearance; no side clearance required. The individual chassis which m_ke up

the Receiver are of modular construction and are locked in place by a single screw type

locking handle. The following chassis are utilized in the Receiver:

QUANTITY NOUN NAME MODEL NO.

1 Power Control Chassis 76-3A

1 Control Chassis 76-4A

1 Test Chassis 76-5A

lZ ZO Bit Shift Register Chassis 76-7A

17 10 Bit Shift Register Chassis 76-8A

3 Power Supply 76-9A

1 Power Supply 165-4C

Z-Z. Z. In one of the Z0 Bit Shift Register Chassis there is a plug-in modification.

This plug-in modification is illustrated in Figure Z-2. This particular Z0 Bit Shift Register

is located in the upper left hand corner of the right hand rack as shown in Figure Z-1.

2-1
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2.3. DATA INPUTS

There are four data inputs, four Copy inputs and four EOW inputs. Each of the data

inputs, Copy inputs and EOW inputs receive the same information by means of four inde-

pendent channels; this is for reliability purposes. This will be described in detail in

Chapter 3, Theory of Operation. The data input pulse for a ttl'V is 0 volts and for a "0" is

-14 to -20 volts. The width of the data "1" is 1 millisecond -Z0 microseconds. The Copy

pulse is a positive pulse {from -ZO volts to 0 volts) with a width of 400 microseconds. The

EOW pulse is identical to a data "1" pulse. There is one requirement on the input pulses;

the leading edge of the input pulse coming on the four independent lines must be within 300

microseconds between the first and the last pulse which arrive at the 500 Bit Receiver.

Z-4. DATA OUTPUTS

Since the 500 Bit Receiver is used to receive data in serial form and to present it in

a continuous parallel form there are many data outputs. These data outputs are divided

into three categories, "every" output, "even" output, and "odd" output. There are P37

"every" outputs, 171 "even T' outputs and 171 "odd" outputs; i. e. , a total of 579 outputs.

There is also one D-A "hold" output. The discussion on how 'Veven" and "odd" outputs are

derived will be discussed in Chapter 3, Theory of Operation.

2-5, POWER INPUT

The Power Input may be either ll5vac ±I0%, 60 cycles +10%, single phase with an in-

put current of less than 50 amperes or it may be 3 phase with an input of less than 15

amperes per phase. This power is connected to connector 398. If the input is a single

phase input, pin A, B, and C are jumpered together for the "hot" input and pins D and E

are jumpered together for the ground input. If a 3 phase wye connection input is used, one

phase is connected to terminal A, the second phase to terminal B, the third phase to term-

inal C and the ground return connected to terminal D.

Z-6 BLOWER

Each rack is equipped with a McLean Blower which is located in the lower portion of

-.st cA. c._t-E/v w/_ - APP_'O._ .._ "Z_

-- 9T

Figure Z-2. Plug-in Modification

Z-3
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each rack. The Blowers provide enough air circulation to maintain adequate cooling

when the environment temperature is between I0 and 40 degrees centigrade, The Blowere

should be operated to their maximum when the equipment is in operation.

2-4
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CHAPTER III

THEORY OF OPERATION

3-1. INTRODUCTION

In this chapter, the 500 Bit Receiver, each Shift Register Chassis, the Control
Chassis, the Test Chassis and the Power Control Chassis are described in detail as to

their operation and function. The 165-4C Power Supply and the 76-9A Power Supply are
described in full detail in Chapter 10, Appendix of this manual. Also found in the Appen-

dix of this manual is a full description of each of the TN networks used within the racks

and also a full description on the operation of the MN11 magnetic core used in a magnetic
core shift register. The applicable sections of the Appendix should be consulted by the
reader.

3-2. GENERAL THEORY (Figure 9-16)

The 500 Bit Receiver contains a 408 bit serial shift register which is made up of

magnetic cores. The output of each core is applied to the appropriate gate on the input

of a flip-flop which is used for the parallel outputs of the 500 Bit Receiver. The data is

brought in in a serial format which is shifted down the 408 bit shift register. Then, at

the proper time, the information is transferred into the continuous readout flip-flops
which are found in each Shift Register Chassis. A portion of the output format requires

that the data, in alternate words, be presented to two different sets of flip-flops. These

flip-flops are provided in the 10 Bit Shift Registers. When proper signals are given to
these Shift Registers, alternate words are stored in alternate sets of flip-flops. Consult

paragraph 3-7 on the 10 Bit Shift Register for this operation. The remainder of the data

word will be inserted into the same flip-flops each time a data word is received. These

flip-flops are located in the 20 Bit Shift Registers and transfer the new data into the

same group of flip-flops each time a new word is received. A second function of this

Receiver is to make the two out of three comparison which is fully described in para-

graph 3-3 on the Control Chassis. This two to three comparison is made so that a more

reliable output may be resolved from the input data. The data is brought in on four inde-

pendent data lines, and by proper selection by the operator with a selector switch, three

of the lines are selected. A comparator network makes a two out of three comparison

so that a single output line is made available in which this detected output has been re-
solved. This data is then shifted through a 408 Bit Shift Register, the driving signal

being synchronized with a resolved copy pulse which is resolved in the same fashion as

the data signals. When a complete data word has been put into storage, an EOW signal
will be generated by the MEC Model 75 Receiver, which will signify to the 500 Bit Re-
ceiver to transfer the data from the series cores to the parallel flip-flop outputs. This

EOW triggers the necessary circuits which perform the function of checking to see if the
"even" frame bit or the "odd" frame bit (bits #85 and #84) is present (only one can be

present at a time). If both bits are present, the data is rejected. If either the "even"
frame or the "odd" frame bit is present, but not both, then this data is accepted and is

put into the output storage flip-flops. The old word is erased 100 microseconds before

the new word is put into storage. If both bits #84 and #85 are present, or if both of

them are "0", the whole data frame is rejected and a new frame is shifted in. This

prevents the presenting of erroneous data to the outputs of the 500 Bit Receiver.
There are error detectors which the output reads into a voltmeter located on

the front panel of the Control Chassis and these indicate the percentage of

3-1
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errors foundonany one of the input data lines and the error rate on any one of input EOW

lines. A D-Ahold signal is provided so that D-A Converters may hold the last data re-

ceived during the transposition period from when the old data is erased and the new data

is inserted. This transposition period should be on the average of 100 microseconds, but

in no case should it ever be longer than 200 microseconds. The D-Ahold signal will be

at -17 volts during this transposition period for approximately 3 or 4 milliseconds. Since

the bits #84 and #85 have the control operations in them and are somewhat in the middle

of the data word, the 20 Bit and 10 ]Bit Shift Registers form a row on both sides of the Con-

trol Chassis (Figure 9-16). Data flows through N401, through comparator N410, and then

into core M401. The data output from core M401 goes to Shift Register #30 through #6.

The output of Shift Register #6 flows back into the Control Chassis to six magnetic cores

(M460 through M465) which constitute Shift Register #5. The output of core M465 then

goes back to the input of Shift Register #4 and is shifted down through Shift Registers #3

and #2, and then to Shift Register #1. This constitutes the serial data path. The parallel

output of these Shift Registers are wired to the output plugs found in the rear bottom of

the rack. There are a total of Z37 "every" outputs, 171 "even" outputs, 171 "odd" outputs

and 1 D-A hold output, making a total of 580 outputs. Each output can drive an output

load of 200 milliamps of current at -17vdc. The parallel output of the Shift Registers are

so designed that they may drive directly into D-A converters and directly illuminate digi-

tal display boards. The power necessary for the operation of the Shift Registers and also

to produce the necessary current to drive the output requirement of the parallel outputs

are provided by four Power Supplies. The small Power Supply (165-4C) is used for the

necessary voltage for the operation of the Control Chassis, to produce the necessary

voltage for reversed bias of the networks found in the complete system, and also to fur-

nish the necessary voltage for indicator light operation. The three large Power Supplies

(76-9A) are used to furnish the necessary voltage for the operation of the Shift Registers

and also to produce enough current in order to drive the output lines. The output load of

the three MEG Model 76-9A Power Supplies is equally divided by the connection of a group

of Shift Registers to each. This will give an equally distributed load on the outputs of the

three -17 volt 40 ampere Power Supplies.

3-2
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3-3. CONTROL CHASSIS, MEC Model 76-4A (Figures 9-1, 9-2, and 9-3)

3-3.1 There are four independent input data lines which go through the Test Chas-
sis through a normally closed set of relay contacts and then directly to pins 1, 2, 3, and
4 of input plug P401. Each input data line has the identical data as the next one. Four

input data lines are utilized in order to increase the reliability of the data, since it has

been received from a Receiver which receives the data by means of a long transmission
line. The input data has the following specifications: a "1" is 0 volts, and is 1 milli-

second -20 microseconds in width; a "O" is from -14 to -20 volts (i. e. , a "0" is the

absence of a pulse). These four data inputs are applied as the input to network N401
which consists of four clamped emitter followers. The outputs of network N401, are 0
volts for a "1" and -12 volts for a "0". Network N401 is transistor network 161 which is

explained in detail in the Appendix under the heading TN161. The -12 volts is a "0" re-
gardless whether the input was -14 volts or lower to a maximum of -20 volts. The four

outputs of network N401 are applied to a selector switch $401A. Of the four inputs to

S40LA, one is rejected and therefore there are only three outputs from the switch. This

is the switch in which the operator has the choice of selecting the three best input data

lines out of the four possible choices. Each of the three outputs may be 0 volts or -12
volts. The three outputs from this selector switch are applied as follows: the first to

resistor R414, the second to resistor R415, and the third to resistor R416. The summing

junction of these three resistors is the input of pulse amplifier N410 (TN159 in Appendix).

This pulse amplifier has a clamping action at -6 volts, as determined by a zener CR412
and resistor R439. If the three inputs to the three previously mentioned resistors are 0

volts, then the summing junction would seek to go to 0 volts. If one of the inputs was at

-12 volts and the other two were at 0 volts the summing junction would seek to be at -4

volts, and if one of the inputs were at 0 volts and two of the inputs were at -12 volts the

summing junction would seek to be at -8 volts. Since the limiting action was chosen at

-6 volts, the pulse amplifier will produce a positive pulse if the input to pin 3 is more

positive than -6 volts. So if two of the inputs are at 0 volts then the pulse amplifier will
produce an output pulse on pin 8 of N410. If two of the inputs are at -12 volts there will be

a "0" output or no pulse on pin 8, N410. If a "1" or 0 volts is on the output of N410, this
is applied to pin 5 of core M401 through resistor R413 and diode CR405. In order that this

data may be inserted into core M401, pin 4 must be at -20 volts so that there would be a

Figure 3-1. Control Chassis

3-3
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current in the windings of the core. This current wflI only be present if the input to re-
sistor R413 is near 0 volts and if pin 4 of core M401 is near -Z0 volts, at which time there

will be Z0 milliamps of current flowing in the windings of the core. If the gate pulse is
not present, then pin 4 is at 0 volts and no current would flow when there was a "1" out-

put from pulse amplifier N410. Diode CR405 prevents a reverse current from flowing
when a "0" (-20 volts) is present on the output of the pulse amplifier N410. This gate is
operated by the copy pulse after it is received and detected by the 500 Bit Receiver.

3-3. Z The copy pulse is received in the same way in which the data pulse was re-

ceived. The copy pulse is applied to emitter follower N411 (TN161 in Appendix) through

switch selector S401B and then is the input to pulse amplifier N41Z (TN159 in Appendix)

which operates in the same fashion in which the previously discussed data inputs operated.

The output of pulse amplifier N41Z triggers a 400 microsecond one-shot N413 (TNlll in

Appendix) which is used to delay the detected copy pulse before the data is gated into

core M401. This delay is in order to give enough time for the input data to arrive if

there is some time displacement between any of the input data lines. The delayed output
of N413 triggers one-shot N414 (TNlll). One-shot N414 performs three functions:

a. It immediately opens the data gate to core M401 via emitter
follower N416B.

b. It immediately triggers flip-flops N418 and N419 to the "1" condition

(the input gate, consisting of resistors R423 and R424, to flip-flops

N418 and N419 has been opened).

c. The delayed output triggers core driver N415.

This input gate, consisting of resistors R423 and R425, is open only during one of the

pulses from N414 and the time is EOW time. The EOW time is discussed in detail later.

At this time, this pulse from N414 does not operate on the two flip-flops. The delayed

output of N414 has been delayed an additional 100 microseconds. Core driver N415 is

basically a heavy duty power amplifier which produces a positive going pulse from -20

volts to 0 volts on pin 8 of N415. Magnetic cores M402 and M403 are used to determine

the width of the core drive pulse of TN130B. The drive pulse will be formed each time

a copy pulse has been detected, which normally will be one each millisecond. There are

a total of 408 normal input data pulses which will be received on all four input data lines,

each being received with a copy pulse. The copy pulse is used to generate a core drive

pulse to shift the data through a magnetic core Shift Register. The magnetic core Shift

Register consists of 410 cores. The data will be in only 408 of these cores, Of the

remaining two cores, one is used for delay purposes and the other for data input purposes.

When the total word (which is 408 bits long) has been received, detected, and put into

storage, an EOW pulse will be received on each of the four input lines. The EOW pulse

is applied to the four clamp emitter followers found in N4Z0, then goes through switch

$401C, and is then detected by pulse amplifier N417 in identically the same way as which

the data was detected. When the EOW is detected, a positive pulse on pin 8 of N417 will

be formed. This pulse will remain at 0 volts for at least 1 millisecond. When pin 8 of

pulse amplifier N417, is at 0 volts the gate previously mentioned of resistors R4Z3 and

R424 is open, so that the copy pulse associated with the EOW pulse will trigger flip-flops

N418, and N419 to the "1" condition. Pin 8 of flip-flop N418 will go from 0 volts to -17

volts (a "1") which is used as a D-A hold signal. Pin 8 of flip-flop N419 will produce a
positive going pulse which will trigger one-shot N478 (through capacitor C496) and pro-

duce a positive pulse from -Z0 volts to 0 volts on pin 7 of the network. This pulse is used

as an inhibit input to pulse amplifier N41Z. N41Z is used to detect the incoming copy pulses.

When pin 1 is at 0 volts it will be noted that the output stage of the pulse amplifier has no
voltage across the transistor; therefore there can be no output pulse generated by this
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pulse amplifier. This circuit is now operating as an inhibit "and" gate. This prevents

the occurrence of an output pulse from pin 8 of pulse amplifier N412, during the time in

which one-shot N478 is in the "l" condition; N478 in the "l" condition for approximately

2 milliseconds. This allows time for the EOW signal to do the necessary gating so that

the previous incoming word may be transferred in paralled to the output flip-flop. The

same output pulse from pin 8 of flip-flop N419 which triggered one-shot N478, also opens

up a series of three "and" gates. These three "and" gates each consist of two resistors.

The first consists of resistors R471 and R472, the second of resistors R477 and R478,

and the third of resistors R487 and i<488. These "and" gates will be open when the next

core drive pulse appears. This core drive pulse will appear in 100 microseconds and is

generated by the last copy pulse which went through the pulse amplifier N412. The copy

pulse is delayed a total of 500 microseconds by N413 and N414. This core drive will

happen exactly 100 microseconds after the three resistor "and" gates open by flip-flop

N419. This delay is the delay created by one-shot N414. Because the three "and" gates

are open, the core drive pulse triggers the one-shot N470 (whose delayed output triggers

one-shot N471 in 500 microseconds) and drives any data which may be present in cores

M460 and M461 through the "and" gate consisting of R471 and R472, and the "and" gate of
R477 and R478. These two cores should have the "odd-even" frame data in them at this

time. If the system is operating correctly one of the two cores will have a "l" and the

other will have a "0". If the "l" is in core M460 it is considered an "even" frame; if the

"l" is in core M461 it is considered an "odd" frame. There is a provision, as described

later, to prevent erroneous data from being parallel transferred if both of these data bits
have a "l" or if both of them have a "0". In either case it would be uncertain as to which

is an "odd" frame or which is an "even" frame, therefore the data is not transferred but

a new word is shifted in the Shift Registers. The operation of this circuit is as follows.

Whenthis core drive previously mentioned drove a"l" out of one of the two cores, in the

first case out of core M460, it goes through capacitor C463 through the open "and" gate

consisting of resistors R471 and R47Z and triggers flip-flop N468 to the "l" condition. If

there is no pulse in M461 there would be no pulse through the "and" gate consisting of

resistors R477 and R478 and thus there would be no pulse to trigger flip-flop N469. There-

fore it will remain in the "0" condition. To assure that flip-flop N469 will be in the "0"

condition, another pulse of core M460 is coupled to the reset input of this flip-flop, pin 6.

The 4 to 5 winding output of magnetic core MNll has a l0 microsecond output on the auxil-

iary winding and has a 40 microsecond output on the pin 9 output; thus if both core M460

and M461 had a "l" in it and each "l" went through its associated "and" gates and triggered

both flip-flops to the "l" condition the pin 9 output of these two cores would trigger both

flip-flops back to the off or "0" condition. So it can be clearly seen that at this time in

order for either flip-flop N468, or N469 to be in a "l" condition, a single "l" niust be

present in core M460 or M461 and not both. If either of the two cores has a "l" output,

then one or the other of the two flip-flops will be in the "l" condition and the other in the

"0" condition. In normal operation at the end of each incoming word this condition will

alternate back and forth between the two flip-flops. If flip-flop N468 is in the "l" condi-

tion, then an "and" gate consisting of resistor R491 and resistor R492 will be open and

the output of one-shot N471 which was triggered by the same core drive will now trigger

one-shot N474. The reason that the same core drive which triggered N470 which in turn

triggered N471 can go through this "and" gate, is that it was delayed a significant time

(500 microseconds) by one-shot N470 so that the flip-flop and "and" gates have obtained a

stable condition. The output of one-shot N474 serves for three functions: (a) it produces

the "every reset" pulse, necessary for operation of the 10 Bit Shift Register, (b) it goes

through an "or" gate consisting of diodes CR465 and CR466 and triggers one-shot N475

which produces the "every reset"; and (c) N474 also triggers one-shot N477 which produces

the "even gate" pulse necessary for the 10 Bit Shift Registers. The output of one-shot

N475 which developed the "every reset" also triggered one-shot N476 which produces the

"every gate" pulse. It willbe noted here that the reset pulses are l0 microseconds wide

and the gate pulses are ZOO microseconds wide. The reset pulses are used to reset the
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parallel output flip-flops consisting of transistor networks TN144's (of the Shift Registers}
into the "0" condition sothat the newdatacanbe inserted. Thesewill be discussedwhen
the operation of theShift Register (consistingof cores M460through M465)are described
in Shift Register operation. This previously discussedpulse generationwas causedwhen
core M460had a "1" in it at this time, but if it hada"0" and core M461had the "1" in it,
a little different operationwouldoccur. Flip-flop N469wouldhavebeenin the "1" state
andthe "and" gateconsistingof resistors R489andR490wouldbe openandthe other
"and" gateconsistingof resistors K491andR492wouldhavebeenclosed. In this case
one-shotN472wouldhavebeentriggered whichwouldhaveproducedthe "odd reset"
pulse andalso wouldhavetriggered one-shotN473, which produces the "odd gate" pulse.
The outputof one-shotN472wouldhavealso triggered one-shotN475throughthe "or"
gateconsisting of diodesCR465andCR466,which wouldhaveproducedthe "every reset"
pulse andalso havetriggered one-shotN476which wouldhave producedthe "every gate"
pulse. It shouldbenotedhere that in onecase, "odd" and"every" set of pulses were de-
veloped; in the other casean "even" and"every" set of gatepulseswere produced. In
bothcases there wasa total of four pulses produced, two resets and two gates. One set

of resets and gates are used for the 20 Bit Shift Register and the other for the 10 Bit Shift

Registers. The reason for an "even" gate and an "odd" gate, is so that it can be deter-

mined in the 10 Bit Shift Register to exactly which set of output flip-flops to transfer the

new data. If the outputs of cores M460 and M461 had both been a "0" or both been a "1",

the flip-flops N468 and N469 would have both been in the "0" condition and both "and"

gates associated with the flip-flops would have been closed. Therefore, there would have

been no reset and gate pulses produced. This circuitry prevents the insertion of erron-

eous data into the parallel output flip-flop. The only way in which both of these cores
could have the same information is when an error is produced somewhere between the

remote Computer developing the data and to the complete Transmission System. Diodes

CR494 and CR495, and resistor R4148 form a test circuit operated by the ODD NORM

EVEN switch located on the Test Chassis. When this switch is in the EVEN position, +12

volts is applied to pin 33 of P401. This voltage forces both flip-flops N468 and N469 to

the "1" condition and also prevents one-shot N473 from producing a pulse by clamping the

collector of transistor Q1 to a positive voltage and preventing one-shot action. This is to

prevent the operation of the #84 and #85 bit comparison, thus allowing an all "l"s and an

all"0"s test pattern. Diodes CR493 and CR492, and resistor R4147 operate in the same

manner for the ODD test pattern. This is active in test operation only. One of the out-

puts of N471 was previously discussed, but it has a delayed output (pin 5). This delayed

output has somewhere from 3 to 4 milliseconds of delay which produces a positive going

pulse which is the delayed portion of the pulse and will trigger flip-flop N418 back to the
"0" condition. This will restore the D-A hold signal back to 0 volts. The positive going

signal pulse from N471 which caused the gate and reset pulses to open also triggered

flip-flop N419 back to the "0" condition so that it would be prepared for the next EOW

pulse which would arrive in 500 milliseconds. This same pulse which triggered flip-flop

N419 to the "0" condition also triggers one-shot N414 in order to produce one more core

drive pulse. This core drive pulse will be delayed 100 microseconds from the time which

the "even" or "odd" and "every" gate were opened. The gates were open the same time

in which N414 was triggered, therefore in the middle of the 200 microsecond gate "every"

gate, "even" gate or "odd" gate, there will come a core drive pulse. This core drive

pulse will then drive the data from the auxiliary windings of the magnetic cores in all of

the Shift Registers of the system so that they may insert data into the parallel flip-flops.

The operation of cores M460 through M465 which are inserting their data into flip-flops

N460 through N466 operate the same as in the operation of the 20 Bit and the 10 Bit Shift

Registers and are completely described in paragraphs 3-6 and 3-7, and willnot be repeat-
ed here.

3-3. 3 Error Detection

3-3. 3. 1 General - The third section of the Control Chassis consisting of the
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3-4. TEST CHASSIS, MEG Model 76-5A (Figures 9-4 and 9-5)

The purpose of the Test Chassis is to substitute for the input signals, a test signal

so that the operation of the Model 76 500 Bit Receiver may be checked without the need

of external equipment. Relays K501, K50Z, K503 disconnect the data, copy and EOW in-

puts from the external source and substitute for them a controlled test pattern. This

test pattern is generated completely within this chassis by self contained oscillator and

pulse shaping circuits. Switch $501 controls the operation of this chassis. In the first

position, OPERATE, the previous relays mentioned are de-energized and the normal in-

put signals flow through this chassis into the Control Chassis and the operation of the

Test Chassis is not used. When the test switch is in any of the rest of the positions, the

Test Chassis is substituting test signals for the normal data input signals. Switch $515

is used in order to put a circuit in the Control Chassis so that it will not reject the test

data when certain test patterns are presented. The operation of this circuit will be des-

cribed when the Control Chassis is being described. The only function of the switch in

this chassis is that it gives a +IZ volt signal to one of two output lines (to pins 3Z and 33

of P501). When $501 is in any position Z through 5 (A, B, G or D) oscillator N501 will

produce a output pulse every millisecond. The output of lq501, pin 8 is a rectangular

pulse which is spaced 1 millisecond apart. The adjustment of this time may be accom-

plished by the adjustment of L501, so that this time interval can be as closely to 1 milli-

second as practicable adjusted. Switch $514, a pushbutton switch, is a start pushbutton

to generate the necessary pulse to guarantee that oscillator N501 will start and to give

one-shot N507 an initial input pulse. The output of N501 is coupled through a one-shot

N50Z producing a positive 10 microsecond pulse on pin 7, and a negative ]0 microsecond

pulse on pin 5. The positive pulse on pin 7 is coupled to one-shot N506 producing another

negative I0 microsecond pulse. The negative going pulse on pin 5 of N50Z triggers flip-

flop N503. Since flip-flop N503 requires a positive pulse to trigger, it therefore gives a

10 microsecond delay from the negative going pulse from pin 5, as the positive going edge

a It 8TART

@

Figure 3-Z. Test Chassis
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of this pulse is used for the trigger of flip-flop N503. N503 is a counting flip-flop, which

when receiving two input pulses produces I output pulse on both pin 5 and pin 8. The out-

put pulses from pin 5 and pin 8 are opposite in polarity. The output of pin 8 is coupled to

flip-flop N504 producing the test data pulse. Since the positive going edge of the negative

pulse on pin 5 of N50Z triggered N503 and thereby dividing it by 2, which in turn triggered

and turned on flip-flop N504, it is then cut off by the next positive going edge of the pulse

on pin 7 of N502 which is coupled to the off side of flip-flop N504. This permits N504 to

be a "I", for l millisecond -I0 microseconds, then remaining off for l millisecond, and

then on for 1 millisecond, etc. This is producing alternate "l"s and"0"s as it is in the

"l" position for one millisecond and for the "0" condition for one millisecond. This alter-

nate "l"s and "0"s is coupled to the data input lines to switch $501C and through pushbutton

$502 to $505. When $501C is in position 2 or 3, there is an alternate "i" and "0" pattern

being sent on the data line. When in position 4 and position 5, it is either all "0"s or all
"l"s. Since 0 volts is a "I" and -20 volts is a"0", it can be seen that the four test pat-

terns are generated by this switch. The purpose of switch $502 through $505 is to intro-
duce errors in the data lines by the use of a pushbutton. When any orle of the four push-

buttons is pushed, there is automatically all "0"s being sent to the Control Chassis. This

introduces a test giving an error data to the comparator circuits as described in the Con-

trol Chassis. The output pulse of N506 triggers one-shot N505, I0 microseconds after

one-shot N502 was triggered. The output of one-shot N505 produces the necessary copy

pulses to substitute for the incoming normal copy inputs. The output of this one-shot is

100 microseconds in length and is coupled to all four copy lines, through switches $506

through $509. When any one of the pushbuttons $506 to $509 is pushed, it prevents a copy

pulse from being sent to the Control Chassis. This introduces an absence of copy pulse to
the Control Chassis, which will be recognized at the Control Chassis as an error. As de-

scribed later, it is required that 2 out of the 4 copy pulses be present for operation. There-

fore, this gives a way in which a test can be performed to see if this circuit is working

properly. If two of these pushbuttons are pushed, operation should go as usual. But if

three of them are pushed, operation should cease. Pushbutton $514B is provided so that

when pushed it generates a pulse to start one-shot N507 into operation. The output of N507

is coupled to the input of N508 and the output of N508 is coupled to flip-flop N509 through

capacitor C517. The other input of flip-flop N509 is provided from the output of flip-

flop N508 which is flipping back and forth between the "0" and "I" condition at a 2 milli-

second rate. This produces the off signal for N509. When flip-flop N509 is in the "i"

condition, as generated by the output of one-shot N508, an "and" gate is opened from pin

5 of flip-flop N509 to -Z0 volts by resistors R509 and R510. This conditions pin 6 input

(the off input) so that it could be triggered by the next pulse received from flip-flop N503.

The output of this flip-flop is coupled by capacitor C518 to one-shot N510. The positive

pulse output of this one-shot is coupled to EOW lines and the delayed output also returns

through CR504 to the input of one-shot N507 in order to repeat the cycle as just discussed.

The time required for this cycle is approximately 500 milliseconds and this time is deter-

mined by the length of one-shot N507 and N508, which are controlled by capacitors C514

and C515. The pin 7 output is coupled to switches S510 to $513 to all four EOW lines. If

any of the pushbuttons are pushed it will produce an error in one of the EOW lines by not

giving an EOW signal. This is used in order to test the comparison circuit as described
in the Control Chassis. K501, K502,and K503 are energized in any position of switch $501

except in the OPERATE position. If these relays are energized, an indicator (I501) on

the front panel will be lit to indicate that the unit is in test operation. Switch S501D is to

prevent the "odd", "even", "normal" test condition to have any significance except when

in a "test" mode of operation. This is done by only giving an input voltage to $515 when in

test positions 2 through 5. It should be noted that the distance between test EOW pulses on

pin 8 of test jack 501 is not critical, provided they are at least 410 milliseconds apart

and should not be greater than 1 second apart. The distance between the oscillator pulses

as shown on test jack 501 (pin I or pin Z) should have an interval between them of approxi-

mately 1 millisecond. This time is not critical.
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3-4. TEST CHASSIS,MEC Model76-5A (Figures 9-4 and 9-5)

The purposeof the Test Chassis is to substitute for the input signals, a test signal

so that the operation of the Model 76 500 Bit Receiver may be checked without the need

of external equipment. Relays K501, K50Z, I<503 disconnect the data, copy and EOW in-

puts from the external source and substitute for them a controlled test pattern. This

test pattern is generated completely within this chassis by self contained oscillator and

pulse shaping circuits. Switch $501 controls the operation of this chassis. In the first

position, OPERATE, the previous relays mentioned are de-energized and the normal in-

put signals flow through this chassis into the Control Chassis and the operation of the

Test Chassis is not used. When the test switch is in any of the rest of the positions, the

Test Chassis is substituting test signals for the normal data input signals. Switch $515

is used in order to put a circuit in the Control Chassis so that it will not reject the test

data when certain test patterns are presented. The operation of this circuit will be des-

cribed when the Control Chassis is being described. The only function of the switch in

this chassis is that it gives a +IZ volt signal to one of two output lines (to pins 3Z and 33

of P501). When $501 is in any position Z through 5 (A, B, C or D) oscillator N501 will

produce a output pulse every millisecond. The output of N501, pin 8 is a rectangular

pulse which is spaced 1 millisecond apart. The adjustment of this time may be accom-

plished by the adjustment of L501, so that this %ime interval can be as closely to 1 milli-

second as practicable adjusted. Switch $514, a pushbutton switch, is a start pushbutton

to generate the necessary pulse to guarantee that oscillator N501 will start and to give

one-shot N507 an initial input pulse. The output of N501 is coupled through a one-shot

N50Z producing a positive I0 microsecond pulse on pin 7, and a negative I0 microsecond

pulse on pin 5. The positive pulse on pin 7 is coupled to one-shot N506 producing another

negative I0 microsecond pulse. The negative going pulse on pin 5 of N50Z triggers flip-

flop N503. Since flip-flop N503 requires a positive pulse to trigger, it therefore gives a

I0 microsecond delay from the negative going pulse from pin 5, as the positive going edge

Figure 3-Z. Test Chassis
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of this pulse is used for the trigger of flip-flop N503. N503 is a counting flip-flop, which

when receiving two input pulses produces l output pulse on both pin 5 and pin 8. The out-

put pulses from pin 5 and pin 8 are opposite in polarity. The output of pin 8 is coupled to

flip-flop N504 producing the test data pulse. Since the positive going edge of the negative

pulse on pin 5 of N50Z triggered N503 and thereby dividing itby 2, which in turn triggered

and turned on flip-flop N504, it is then cut off by the next positive going edge of the pulse

on pin 7 of N502 which is coupled to the off side of flip-flop N504. This permits N504 to

be a "I", for I milliseconds -10 microseconds, then remaining off for I millisecond, and

then on for 1 millisecond, etc. This is producing alternate "1"s and "0"s as it is in the

"I" position for one millisecond and for the "0" condition for one millisecon d. This alter-

nate" 1"s and "0"s is coupled to the data input lines to switch $501C and through pushbutton

$502 to $505. When $501C is in position 2 or 3, there is a alternate "I" and "0" pattern

being sent on the data line. When in position 4 and position 5, it is either all "0"s or all

"l"s. Since 0 volts is a "I" and -Z0 volts is a "0", it can be seen that the four test pat-

terns are generated by this switch. The purpose of switch S50Z through $505 is to intro-

duce errors in the data lines by the use of a pushbutton. When any one of the four push-

buttons is pushed, there is automatically all "0"s being sent to the Control Chassis. This

introduces a test giving an error data tothe comparator circuits as described in the Con-

trol Chassis. The output pulse of N506 triggers one-shot N505, I0 microseconds after

one-shot N50Z was triggered. The output of one-shot N505 produces the necessary copy

pulses to substitute for the incoming normal copy inputs. The output of this one-shot is

100 microseconds in length and is coupled to all four copy lines, through switches $506

through $509. When any one of the pushbuttons $506 to $509 is pushed, it prevents a copy

pulse from being sent to the Control Chassis. This introduces an absence of copy pulse to

the Control Chassis, which will be recognized at the Control Chassis as an error. As des-

cribed later, it is required that Z out of the 4 copy pulses be present for operation. There-

fore, this gives a way in which a test can be performed to see ifthis circuit is working

properly. If two of these pushbuttons are pushed, operation should go as usual. But if

three of them are pushed, operation should cease. Pushbutton $514B is provided so that
when pushed it generates a pulse to start one-shot N507 into operation. The output of N507

is coupled to the input of N508 and the output of N508 is coupled to flip-flop N509 through

capacitor C517. The other input of flip-flop N509 is provided from the output of flip-

flop N508 which is flipping back and forth between the "0" and "1" condition at a Z milli-
second rate. This produces the off signal for N509. When flip-flop N507 is in the "1"

condition, as generated by the output of one-shot N508, an "and" gate is opened from pin

5 of flip-flop N509 to -Z0 volts by resistors R509 and R510. This conditions pin 6 input

(the off input) so that it could be triggered by the next pulse received from flip-flop N503.

The output of this flip-flop is coupled by capacitor C518 to one-shot N510. The positive

pulse output of this one-shot is coupled to EOW lines and the delayed output also returns

through CR504 to the input of one-shot N507 in order to repeat the cycle as just discussed.

The time required for this cycle is approximately 500 milliseconds and this time is deter-

mined by the length of one-shot N507 and N508, which are controlled by capacitors C514

and C515. The pin 7 output is coupled to switches $510 to $513 to all four EOW lines. If

any of the pushbuttons are pushed it wilL produce an error in one of the EOW lines by not

giving a EOW signal. This is used in order to test the comparison circuit as described

in the Control Chassis. K501, K502 and K503 are energized in any position of switch $501

except in the OPERATE position. If these relays are energized, an indicator (I501) on

the front panel wiII be lit to indicate that the unit is in test operation. Switch S501D is to

prevent the "odd", "even", "normal" test condition to have any significance except when

in a "test" mode of operation. This is done by 0nly giving a input voltage to $515 when in

test position Z through 5. It should be noted that the distance between test EOW pulses on

pin 8 of test jack 501 are not critical, provided they are at least 410 milliseconds apart

and should not be greater than 1 second apart. The distance between the oscillator pulses

as shown on test jack 501 (pin 1 or pin Z) should have an interval between them of approxi-

mately 1 millisecond. This time is not critical.

3-10



ME-908

3-5. POWER CONTROL CHASSIS, MEG Model 76-3A (Figures 9-6 and 9-7)

The function of the Power Control Chassis is to turn on and off the AC power to the

rack, to monitor the output of each power supply, and to indicate by visual means if the

+lZ volt Power Supply should fail. The power on-off is controlled by the switch $301

which is an on-off switch controlling a power contactor which is located in the base of the

rack. This power contactor has a low current coil. The current on the coil is controlled

by switch $301. The current to the Power Supply transformers goes through the contactor

contacts. Indicator DS301 indicates that the power has been turned on by the contactor.
I301 and relay K301 are used to indicate if the +IZ volt Power Supply has failed and K301

is energized by the presence of +12 volts. If the +lZ volts drops down to less than 6 volts,

this relay will drop out and the contacts, pins 1 and 2 of the relay will close, thus turning

on indicator I301, which is a 110 volt a-c bulb connected across the a-c line when relay
K301 is de-energized. If +IZ volts is present, the relay is energized and contacts 1 and

Z are open and the light is off. Switch S30Z moves the terminals of the indicating meter

to read the output voltage of the various power supplies voltages. Each of the four Power

Supplies is designated by A, B, C, or D with the output voltage of each Power Supply
being available on the selector switch. The series meter resistors are so chosen so that

regardless of the voltage from the Power Supply, the meter will indicate a reading of 10

on the scale. The Power Supply adjustments found on the front panel of each Power Supply
should be adjusted within +2% of the 10 reading on meter M301. Position 2 of this switch

allows one phase of the input a-c power to be metered. This position of the switch indi-

cates the a-c input voltage which a normal line should read 10 and should not vary more

than +10% or should not vary more than the readings from 9 to 11 on indicator meter M301.

CR301 is used to rectify the a-c voltage so that it may be used on a d-c meter.

POWER CONTROL

OFF

ON

+ 12V

SUPPLY
FAILURE

76-3A

Figure 3-3. Power Control Chassis

3-11



ME-908

3-6. 20 BIT SHIFT REGISTER, MEC Model 76-7A (Figures 9-8 through 9-II)

3-6. I. General - The function of the 20 Bit Shift Register is to accumulate data in

serial form and transfer it into a parallel form. The data is received serially and stored

in 20 magnetic cores (M701 through M720). Upon command, the data is read into 20 flip-

flops N701 through N720 and will remain there while new data is being shifted through the

cores M701 through M720.

3-6.2. Detailed Description - In the Control Chassis two pulses are derived from

the EOW pulse; a reset trigger "every reset" from -20 volts to 0 volts with a width of 10

microseconds and a read gate "every" gate, from 20 volts to 0 volts with a width of 200

microseconds. The flip-flop reset trigger is capacity coupled through C701 to pin 3 of

one-shot N723, with an emitter follower output. As prex_iously mentioned, the theory of

operation of all TN's used in this equipment is explained in detail in the Appendix. When

pin 3 of N723 goes positive (from -20 volts to 0 volts) the output pin 7 goes positive (from

-Z0 volts to 0 volts with a width of approximately 5 microseconds). Pin 7 of NTZ3 is capa-

city coupled through C702 to pin 5 of flip-flops N701 through N720. Pin 5 of N701 through

N720 is biased at -10 volts byR721 andR7Z2. Therefore, as pin 7 ofN723 goes positive

(from -20 volts to 0 volts), pin 5 of all the flip-flops goes positive(from -10 volts to about

+7 volts), resetting all the flip-flops to the "0" state. The states of the flip-flops (TN144)

are defined as follows: When pin 8 is at 0 volts the flip-flop is in a "0" state, and con-

re,s ely when pin 8 is at -17 volts the flip-flop is in a "1" state. At the same time that

the flip-flop reset trigger enters the Shift Register, a read gate (from -20 volts to 0 volts,

width 200 microseconds) enters pin 2 of an emitter follower N722. The output of N722

Figure 3-4. Z0 Bit Shift Register

3-13



ME-908

goes to pin 5 of all the cores MY01 through M720, and is called the flip-flop-gate. When

pin Z of N7Z2 goes positive (-20 volts to 0 volts, width 200 microseconds), pin 5 of all

the cores goes positive (from -20 volts to -Z volts, width ZOO microseconds). R727 and

R7Z8 are used to give a X volt noise bias when the gate is open. Since the gate raises

pin 5 of M701 through M720, pin 4 of M701 through M7Z0 rises to -Z volts and the flip-

flops will not trigger. A voItage pulse equal to or greater than 0 volts must be present

at pin 3 of the flip-flops in order for a change of state to occur. The next shift pulse

(from -Z0 volts to 0 volts, width 40 microseconds) will cause the states of the cores to

be read out into the flip-flops. This shift pulse will be 100 microseconds from the lead-

ing edge of the flip-flop gate. Since the flip-flop gate is 200 microseconds wide, this

shift pulse will cause the readout from the core to be approximately in the middle of the
gate. Assuming that there was a "1" in the core, a 10 microsecond pulse, of 5 to 8 volts

in amplitude will be super-imposed on the flip-flop gate at pin 4 of the cores. This causes
pin 3 of the flip-flop to go positive enough to set the state of the flip-flop to a "l". If

there was a "0" in the core, only the flip-flop gate will be present at pin 4 of the core;

consequently pin 3 of the flip-flop will go positive to only -2 volts, which is insufficient to

change the state of the flip-flop. Since the flip-flop is initially reset to the "0" state, and

this state remains unchanged if the core is in the "0" state, effectively one may say that
the data in the core has been transferred to the flip-flop. The states of the cores are

determined by the data which is read in serially. The serial data read in and the core

shift pulses, occur at the same time and their repetition rate is 1000 pulses per second.

Pin 8 of MY01 is the data input. Pin 9 of MY0I is directly coupled to pin 8 of M70Z; pin 9

of M702 is directly coupled to pin 8 of M703. This is repeated from M703 through M720

and constitutes the serial read in arrangement. Since all pin 5's of the cores are connect-
ed together, the flip-flop gate occurs at all cores simultaneously (at the proper time}, and

the data is read out on pin 4 of the cores to pin 3 of the flip-flops, in parallel. Operation

of the core string is explained in detail in the Appendix. N7Z1 is a core driver operating

with a blocking oscillator core (M7Z1). The data in the flip-flops is read out continuously

except for approximately 100 microseconds. This is the time between reset and when the

new data is read out of the cores. Each flip-flop N701 through N720 has an indicator

light associated with it, DS701 through DS720 respectively, to indicate the states of flip-

flops. When a flip-flop is in the " l" state its respective indicator will be on, and when

a flip-flop is in the "0" state its respective indicator will be off. The lights have been

reversed bias at -Z volts by CR701 through CR703 and R7Z3 to insure that the lights will

be off when the flip-flops are in the "0" state. C704, C705, and C707 are used as filter

capacitors between the power voltages.

3-6.3. The Z0 Bit Shift Register has a building capacity, in that any number of them

can be connected in series to facilitate any number of bits in a word.

3-14



ME-908

3-7• I0 BIT SHIFT REGISTER, MEC Model 76-8A (Figures 9-12, 9-13 and 9-14)

3-7. 1. General - The function of the 10 Bit Shift Register is to receive two serial

groups of 10 bits of data alternately. The groups are called "odd" and "even". The Reg-

ister receives an "odd" or "even" group serially (M801 through M810) and shifts the group

in parallel (depending on whether it is an "odd" or "even" group) to its respective set of

flip-flops for independent output presentation. The odd set of flip-flops are N801, 3, 5,

• .. 19, and the even set are N80Z, 4, 6 .... Z0. The data will remain in the flip-flops for

accessibility until they are reset for acquisition of new data, and this time is approximately

100 microseconds, and not longer than Z00 microseconds. The states of the flip-flops

N801 through N8Z0 are indicated by their respective neon indicators DS801 through DS8Z0

on the front panel. When a flip flop is in a "1" state (a "1" state being the condition when

pin 8 is at -17 volts), its associated indicator is on, and conversely when a flip-flop is in

the "0" state (a "0" state being the condition when pin 8is at 0 volts), its indicator is off.

The indicators have been reversed bias at -Z volts by CR801 through CR803 and R865 to

insure that the indicators will be off when the flip-flops are in the "0" state. C8Z5, C826,

and C8Z7 are used as filter capacitors between the power voltages.

3-7. Z Detailed Description - The command pulses are developed in the Control

Chassis• They are as follows: "Odd reset" and"even reset" triggers (from -Z0 volts to

0 volts, width I0 microseconds), "odd" flip-flop gate and "even" flip-flop gate (from -20

volts to 0 volts, width Z00 microseconds), and core shift (from -20 volts to 0 volts, width

40 microseconds), I000 cps. The "odd reset" trigger coming from the Control Chassis

Figure 3-5. I0 Bit Shift Register
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is capacity coupled through C829 to pin 3 of a one-shot N8Z3. When pin 3 of N823 goes

positive, then pin 7 of N8Z3, the output, goes positive (from -20 volts to 0 volts, width I0

microseconds). This output ("odd reset") is capacity coupled through C824 to pin 5 of all

the odd numbered flip-flops N801, 3, 5 .... 19. l°in 5 of all the odd numbered flip-flops

is biased in a quiescent condition at 7 volts by R851 and R86Z. Therefore, when pin 7 of

N823 goes positive from {-Z0 volts to 0 volts 10 microseconds) pin 5 of all odd numbered

flip-flops goes positive (from -7 volts to +10 volts, 10 microseconds) resetting the odd

numbered flip-flops to the "0" state. At the same time that the "odd reset" trigger pulse

enters the chassis, the "odd" flip-flop gate is received. The "odd" flip-flop gate is resis-

tance coupled through R866 to pin Z of N824 (TN58 consisting of two emitter followers).

When pin 2 of the emitter follower N824 goes positive {from -20 volts to 0 volts, width 200

microseconds) and is directly coupled to R841 through R850 which is part of the " odd and"

gates. There is an "odd" and "even and" gate associated with every magnetic core (M801

through M810), and these "and" gates are coupled to their respective flip-flops. The "odd"

gate (output from pin 3 of the emitter follower) raises the voltage of pin 3 of all odd num-

bered flip-flops from -Z0 volts to -Z volts for ZOO microseconds. This alone is not suffi-

cient to trigger the flip-flops. The next shift pulse (from -20 volts to 0 volts, width 40

microseconds) will be 100 microseconds from the leading edge of the "odd" gate. Since

the "odd" gate is Z00 microseconds wide, this shift pulse will cause the read out from a

core to be approximately in the middle of the gate {if there is a "I" present in the core).

.Assuming thatthere is a "I" in the core, a I0 microsecond pulse of 5 to 8 volts amplitude

will be present at pin 4 of the cores, loin 4 of the cores is capacity coupled through C801,

3, 5 .... 19 to "odd and" gates and through C80Z, 4, 6 . .. Z0 to "even and" gates. There-

fore, the 5 to 8 volt pulses at pin 4 will be super-lmposed on the "odd gate" and pin 3 of

the odd numbered flip-flops will go positive enough (above 0 volts) to trigger the odd num-

bered flip-flops and a "]" state will be set. Both conditions have been satisfied at the

"odd and" gates, therefore, only the odd numbered flip-flop will be triggered and the even

numbered flip-flop will not be affected. The operation {a core string and core driver

N821 with M811) is explained in detail in the Appendix. If there was a "0" in a core, when

the shift pulse occurred, the odd numbered flip-flop will not change state because of the

"odd and" gate and the 5 to 8 volt pulse from a core and the "odd" gate must be present

at the same time in order for an odd numbered flip-flop to trigger. Therefore, at the

time of the coincidence of the "odd" gate and shift pulse, all data in the cores is read out

in parallel to the odd numbered flip-flop only. The next shift pulse occurs after the trailing

edge of the "odd" gate and new data (I000 PPS) commences to be read in serially. Pin 8

of M801 is the data input. Pin 9 of M801 is directly coupled to pin 8 of M802 and pin 9 of

M80Z is directly coupled to pin 8 of M803. This is continued on to M810 and pin 9 of M810

is data output in the event another Shift Register is used. Many of these Shift Registers

may be coupled together in a serial form to facilitate any number of bits in a word.

3-7.3. After the last bit of new data has been received by the cores, an "even reset"

trigger (from -Z0 volts to 0 volts, width I0 microseconds) enters the chassis, and is

capacity coupled through C8Z8 to pin 3 of a one-shot N82Z. When pin 3 goes positive (from

-20 volts to 0 volts, width I0 microseconds) the output pin 7 goes positive (from -20 volts

to 0 volts, width I0 microseconds) and is capacity coupled through C823 to pin 5 of all the

even numbered flip-flops (N80Z, 4, 6 .... 20). loin 5 is biased in a quiescent condition at

-7 volts by R863 and R864. Therefore, when pin 7 of N822 goes positive (from -Z0 volts to

0 volts, width I0 microseconds) pin 5 of all the even numbered flip-flops goes positive

(from -7 volts to above 0 volts, l0 microseconds) resetting the even numbered flip-flops to

the "0" state. At the same time that the "even reset" trigger pulse enters the chassis, the

even flip-flop gate is received. The even flip-flop gate is resistance coupled through R867

to pin 7 of an emitter follower (N8Z4). When pin 7 goes positive (from -20 volts to 0 volts,

width ZOO microseconds), the output pin 5, (calle d even gate), goes positive (from -Z0volts

to 0 volts, width 200 microseconds) and is directly coupled to R851 through R860 which is

part of the even "and" gates. The even "and" gates are coupled to pin 3 of the even flip-
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flops. Therefore when pin 6 of N8Z4 goes positive, all pin 3's of the even flip-flops go

positive (from -Z0 volts to -Z volts, width 200 microseconds). This will not trigger the

flip-flops since a pulse equal to or greater than 0 volts is necessary. The "even and"

gate requires an additional input in order to trigger the even flip-flops and this input wild

come from the cores if there is a"l" present in the cores. The first shift pulse that occurs

after the "even" gate will be 100 microseconds from the leading edge of the "even" gate.

Since the "even" gate is ZOO microseconds wide, this shift pulse will cause the readout from
a core to be approximately in the middle of the gate (if there is a "1" present in the core).

Assuming that there was a "l" in the core, a 10 microsecond pulse, 5 to 8 volts will be

present at pin 4 of the core. Pin 4 of the cores is capacity coupled to the Odd and Even

"and" gates. Therefore, the output from the core (5 to 8 volt pulse) will be superimposed

on the "even" gate and pin 3 of the even flip-flops will go positive enough (above 0 volts) to

trigger the even flip-flops and a "1" state will be set. Both conditions have satisfied at

the "even and" gate, and only the even flip-flops can be set, The odd flip-flops will not be

affected by the output from the cores. If there was a "0" in a core when the shift pulse

occurred, the even flip-flop will not change state because the "even and" gate and the 5 to

8 volt pulse from a core and the "even and" gate must be present at the same time in

order for an even flip-flop to trigger. Therefore, at the time of coincidence of the Even

Gate and shift pulse, all data in the cores is read out in parallel to the even flip-flops only.

The next shift pulse occurs after the trailing edge of the "even gate", and new data com-

mences to be read in. The next gate will be the "odd gate", occurring after the last bit of

this new data has been received. This completes one cycle of operation, the length of a

cycle being determined by the system.

3-8. AC POWER INPUT DESCRIPTION

Since the input a-c current of this rack is in the order of a maximum of 40 amps,

it was chosen that a power contactor be used to switch the input a-c power. The contactor

used in this application is a 3 pole contactor. The magnetic coil for the contactor is

operated by a switch in the Power Control Chassis which allows 110 volts a-c to flow

through the contactor's coil. This closes the contactor in which the 3 poles are connected

one each to the input of each of the three large -17 volt d-c Power Supl_lies. One blower
is connected to one pole of the contactor, the second blower is connected to the second pole of the
contac_or and the small lb5-4C l-'ower Supply is connected to the thira set'of contacts.

these three sets of contacts go through fuses to the input power connector plug which

allows the connection of a balance 3 phase wye connection input from the power lines.

The input should be balanced within a small percentage. If it is desired to use this equip-

ment from a single phase input, the three input pins may be connected together and con-

nected to a single phase input. If this equipment is working on a single phase input, it

can be expected t]_at40 amps of Dower will flow through the conductors _oing to the rack,

therefore they should be of sulficient size or approximately # 6 wxz'e for input power con-

nection. The method of connection is described in the installation section. This contactor

is fastened to the side of the plug connecting bracket found in the rear bottom of the rack.

The three indicator lights found in each rack indicate ifpower is on, that is, that the con-

tactor is closed. There is one light for each contactor connection so that indication may

be had to indicate ifany one of the three input line fuses might be blown. If one indicator

light is out it may be assumed that its adjoining fuse may be also defected. A Power Off

Switch is located in the bottom rear of each rack in order to turn off the a-c power to the

rack for servicing the racks and not having a-c flowing through the rack. Even though

this switch is disconnected care should be taken when doing service work near the contac-

for or near the fuse terminals.
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CHAPTER IV

OPERATION

4-1. GENERAL

The operation of the 500 Bit Receiver is quite simple and requires very little control-

ling operation from the operator. Before operating in the OPERATION mode, check the
sy stern in the Test mode. This will set up all adjustments necessary for operation.

4- 2. TEST OPERATION

Turn on the power switch found in the lower portion of the Power Cor_trol Chassis

and the indicator should light directly above this switch. If it does not light, then the
operator should check in the rear of the two racks to see if the safety power switches are

in the ON position. If they are in the ON position input power should be checked to see

where the trouble is. With the 500 Bit Receiver, power on and the power indicator light
lit, the +12 volt supply failure light should not be on. If this light is on, turn the equip-
ment off until the +12 volt supply is repaired. With the power switch on and after a few
seconds of stabilization time, the voltages of the power supplies should be checked. There
is a total of four Power Supplies and a total of nine voltages to be checked. These vol-

tages are shown on the meter selection switch on the Power Control Chassis and their
voltage is indicated by the meter above the switch. The input series resistors to the
voltmeter are chosen so that a 10 reading on the meter is required for each voltage. Out

of the nine voltages which come out of the Power Supplies, six of these are adjustable,

by adjustment potentiometers found on the front of the chassis. Three of the potentio-
meters are found on the small Power Supply in the left hand rack; the other three are found
in the little windows on the large panels which a large Power Supply is mounted behind.
These adjustments should be adjusted until the six Power Supplies are reading at 10 _-2%.

It is not expected that the voltages from these Power Supplies will drift except in an ex-

tremely long term time and this adjustment may not be necessary except at long time
intervals, but should be abe -1--_,_, _-_u_. +_o_._..............+_ +_,_ _n that if one Power Supply__ has drifted

a few volts, it can be restored by its adjustment to normal operation. Once it has been

determined that all Power Supplies are operating, then the unit can be put into one of its
many test conditions so that a complete unit test can be performed. It only takes about

5 minutes to perform this complete unit test, and it is desirable that this be done at

intervals of at least once per day. The test is as follows. Put the OPERATE TEST switch
found in the Test Chassis into position A on the test switch. Throw the NORMAL EVEN

ODD switch to NORMAL, then to EVEN, and then back to NORMAL. This will turn on the

following lights with the particular pattern of "on" lights shown in Table 1. Put the

NOR__ClAL EVEN ODD switch into the EVEN position. Table Z shows the light conditions

at this time. Then put the switch into the ODD position and the condition of the lights
will be as shown in Table 3. Rotate the test switch to pattern B and repeat the perform-

ance of the NORMAL ODD EVEN switch through its three positions (NORMAL, ODD, and

EVEN), and consult Tables 4, 5, and 6. Do the same thing for the test positions C and D,

and Tables 7 through 11 will give the expected light patterns in these test positions. Put

the NORMAL EVEN ODD switch back into the NORMAL position, and rotate the test switch

to the A position. This will restore the light pattern to the condition as shown in Table 1.

Push each of the pushbuttons marked DATA. When each pushbutton is pushed, the meter

associated with the pushbutton which is in the same physical order will indicate 100% of er-

rors. An adjustment potentiometer located inthe Control Chassis (consult the schematic for the

correct one), may be adjusted to indicate the desiredmeter reading at this time. Pushbutton #g
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enters reading on meter 2. Pushbutton 3 should give an indication on meter 3 and likewise

for pushbutton 4. For the EOW test, the operation of the pushbutton will give meter
indications of the bottom row of meters in the same way. The operation of any one of

the copy pushbuttons should not cause any change in either the meter readings or the lights,

but if three of the copy pushbuttons are pushed at the same time, operation of the system

should cease to operate. If the limit pointers, which are adjusted on the front of the

meters, are in the position so that the meter needle can contact them, when one of the

error developing pushbuttons is pushed the meter will come in contact with this limit switch,
and will cause the error indicator on the front panel of the Control Chassis to light. When

the pushbutton causing the error is released the light will remain lit but when the RESET

pushbutton is pushed, the light should go out and remain out until another error is inserted.
This constitutes the end of the test phase of the 500 Bit Receiver. To put the Receiver

into the OPERATE mode, only one switch needs to be switched and that is the selector

switch on the Test Chassis and when placed in the OPERATE position the 500 Bit Receiver

will automatically go into an OPERATE mode.

4-3. OPERATE MODE

When the 500 Bit Receiver is in the Operate Mode only two switches need be

utilized. The OPERATE test switch must be placed in the OPERATE position, and LINE

SELECT switch placed in the line selecting position desired. The choice of which line

chosen should be based on the operator's observance of the error indicating meters. If

for instance meter #2 is showing more errors than any of the other meters, it can be
assumed that line #2 has the most errors of the four lines, and therefore should not be

used. The selector switch in this case should therefore be in the third position in

which lines l, 3, and 4 are being used. If for instance line #3 is a bad line, then the

selector switch should be in the second position in which lines I, 2, and 4 are used,

and so on. The operator can choose the line in which he is receiving the best data.

This selection should be based on the indications of the error detecting meters. If

during an operation an excessive amount of errors has caused the error indicator to

light, the operator may push the reset button to restore this circuit into normal opera-

tion, so that he may know when the next large group of errors has been received. In

normal operation it is not expected that a large percentage of errors will be present.

It is therefore not expected that the error light will light. If one line goes bad or some

part of the unit on which it is used goes dead (either on the transmission end or the re-

ceiving end of this line), the meter will indicate a high percentage of errors and the

light will light. The indicators on the Shift Register, and the indicators on the Control
Chassis, indicate the output conditions of each flip-flop and will be lit when a "I" is

present. The operator can note that there are two special bits, numbers 84 and 85,

marked EVEN and ODD, located on the Control Chassis. In normal operation these

two special bits should alternate back and forth at half-second intervals; that is, #84
should be on for I/2 second, and #85 for I/Z second; #84 for the third half-second, and

#85 for the next 1/2 second, and so on. If both these lights stay on all the time or stay

off all the time, the operator knows that the system is not receiving the data as it should.

The operation theory of the Control Chassis should be consulted. If during an operation

the operator notices that a whole group of Shift Registers has developed an all "i" or an

all "0" pattern, the power supply voltages should be checked. If one of the Power

Supplies should go too high in voltage or too low in voltage, malfunction will exist. This

can be corrected most of the time by proper adjustment of the Power Supply voltage.
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Test Switch:

Normal-Odd-Even:

I0 Bit S. R. Lights On:

20 Bit S. R. Lights On:

Test Switch:

Normal-Odd-Even:

I0 Bit S. R. Lights On:

20 Bit S. R. Lights On:

Test Switch:

Normal-Odd-Even:

10 Bit S. R. Lights On:

Z0 Bit S. R. Lights On:

Test Switch:

Normal-Odd-Even:

i0 Bit S. R. Lights On:

20 Bit S. R. Lights On:

Test Switch:

Normal-Odd-Even:

10 Bit S. R. Lights On:

g0 Bit S. R. Lights On:

TABLE 4-1

TABLE 4-g

TABLE 4-3

TABLE 4-4

TABLE 4-5

Pattern A

Normal

I, 3, 5, 7,&9

i, 3, 5, 7, 9, II, 13,

15, 17,&19

Pattern A

Even

1, 3, 5, 7,&9 Even

1, 3, 5, 7, 9, 11, 13,

15, 17,& 19

Pattern A

Odd

l, 3, 5, 7,& 9 Odd

i, 3, 5, 7, 9, ll, 13,

15, 17,& 19

Pattern B

Normal

Z, 4, 6, 8,& i0

2, 4, 6, 8, I0, 12, 14,

16, 18,& 20

Pattern B

Even

2, 4, 6, 8,&10 Even

2, 4, 6, 8, I0, 12, 14,

16, 18,& 20
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Test Switch:

Normal-Odd-Fven:

10Bit S. R. Lights On:

20Bit S. R. Lights On:

Test Switch:

Normal-Odd-Even:

I0 Bit S. R. Lights On:

20Bit S. R. Lights On:

Test Switch:

Normal-Odd-Even:

10Bit S. R. Lights On:

Z0Bit S. R. Lights On:

Test Switch:

Normal-Odd-Even

10 Bit S. R. Lights On:

20 Bit S. R. Lights On:

Test Switch:

Normal-Odd-Even

10 Bit S. R. Lights On:

20 Bit S. R. Lights On:

TABLE 4-6

TABLE 4-7

TABLE 4-8

TABLE 4-9

TABLE 4-10

Pattern B

Odd

2, 4, 6, 8,

2,4,6,8,

16,

& 10 Odd

i0, 12, 14,

18, & 20

Pattern C

Normal

See Note After Table #II

See Note After Table #II

Pattern C

Even

All Even Lights

All lights

Pattern C

Odd

All Odd Lights

All lights

Pattern D

Normal

See Note After Table #11

See Note After Table #11
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Test Switch:

Normal-Odd- Even:

10 Bit S, R. Lights On:

Z0 Bit S, R. Lights On:

NOTE:

TABLE 4-11

Pattern D

Odd or Even

None

None

The last pattern which was given by the lights
will remain because the odd-even check of bits

#84 & #85 will reject this test pattern.
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5-I GENERAL

CHAPTER V

INSTALLATION

The two racks are set side by side over a false floor. A trim strip is installed be-

tween them. Connect the input and output plugs in the jacks provided at the lower portion

of the rack. The power input plug and the data input plug are keyed so that no mistakes

can be made in the installation in these two plugs. There are 14 output plug connections.

No keying exists on the plugs or jacks; therefore care must be exercised to insure that
the correct connections are made. These external cables are connected to the rack and

are routed under the floor to other external equipment. Consult tables in this section for

connection of the input and output plugs. The wire size of the data input and data output
connectors are not critical. The only wire sizes which are Critical are the power input

connectors which should be as follows. If the rack is to be operated on single phase equip-

ment the wire size of this equipment should be #6 Conductor. If the equipment is to be

operated on 3 phase power the input wire size may be # 1Z. Consult the wire list for term-

inal connections. For safety purposes the rack should be connected to a rack earth ground.
Each 0 volt bus bar found on the rear of the three 76-9A power supplies MUST be grounded

to the system's digital ground with number 8 Conductor. This wire is wired from the 0
volt bus bar found on the rear of these power supplies directly to the digital bus bar found

under the false floor. There is a requirement for three such conductors, one for each

pow e r supply.

5-2 TABLES

TABLE 5-1

A-C Power Input (J98)
Terminal Identification A W G

A AC¢ 1 Hot **

B AC _ Z Hot **

C AC¢ 3 Hot **

D. AC Common **

E AC Common **

F Signal Ground # 18
G Rack Ground 8. IZ

* Shielded # ZZ or RGI74 Coax

** See above paragraph.

TABLE 5-Z

Data Input (J99)
Terminal Identification A W G

A Data # 1 Input *

B Data # Z Input *

C Data #3 Input

D Data # 4 Input *

E Copy # 1 Input *

F Copy # Z Input *

O Copy # 3 Input *

H Copy #4 Input *

J EOW # 1 Input *

K EOW #Z Input *

L EOW #3 Input *

M EOW # 4 Input *

N

P

Q

R

S

T

U

V

W

X

Y Signal Ground # Z0

Z Rack Ground # Z0

5-1
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Terminal

1

A
Z

B
3

G

4

D

5

E

6

F
7

G
8

H

9

I

10

J

11

K

1Z

L
13

M

14

N

15

O

16

P

17

Q
18

R

19
S

Z0

T

Z1

U

ZZ

V

Z3

W
Z4

X
Z5

-y
+4.5

-4. 5

5-Z

TABLE 5-3

Data Output (J 101)

Identification A W G

Bit # 1 Every

Bit #Z Every

Bit #3 Every

Bit #4 Every

Bit #5 Every ' _

Bit #6 Every

Bit #7 Every

Bit #8 Every $

Bit #9 Every

Bit #10 Every

Bit # 1 1 Every
Bit # IZ Every

Bit # 13 Every #

Bit # 14 Every

Bit # 15 Every

Bit # 16 Every

Bit # 17 Every

Bit # 18 Every

Bit # 19 Every

Bit # Z0 Every

Bit #ZI Every

Bit # ZZ Every

Bit # Z3 Every

Bit # Z4 Every _

Bit # Z5 Every

Bit # Z6 Every #

Bit # Z7 Every

Bit # Z8 Every

Bit # Z9 Every

Bit #30 Every #

Bit # 31 Every $
Bit #3Z Every @

Bit #33 Every

Bit #34 Every $

Bit #35 Every

Bit #36 Every

Bit # 37 Every

Bit #38 Every @

Bit #39 Every

Bit # 40 Every

Bit # 41 Every #

Bit # 4Z Every

D-A Hold

Shield of Above Cable
Shield of Above Gable

TABLE 5-4

Data Output (J10Z)

Terminal Identification

1

A

Z

B

3

C

4

D

5

E

6

F

7

G

8

H

9

I

I0

3

II

K

IZ

L

13

M

14

N

15

0

16

P

17

O

18

R

19

S

Z0

T

Z1

U

ZZ

V

Z3

W

Z4

X

Z5

Y

+4.5

-4. 5

Bit # 43 Every

Bit # 44 Every

Bit #45 Every

Bit'#46 Every

Bit #47 Every

Bit #48 Every

Bit #49 Every

Bit # 50 Every

Bit #51 Every

Bit # 5Z Every

Bit #53 Every

Bit # 54 Every

Bit #55 Every

Bit #56 Every

Bit #57 Every

Bit # 58 Every

Bit # 59 Every

Bit # 60 Every

Bit # 61 Every

Bit # 6Z Every

Bit #63 Every

Bit # 64 Every

Bit # 65 Every

Bit #66 Every

Bit # 67 Every

Bit #68 Every

Bit # 69 Every

Bit #70 Every

Bit #71 Every

Bit #72 Every

Bit #73 Every

Bit # 74 Every

Bit #75 Every

Bit #76 Every

Bit # 77 Every

Bit # 78 Every

Bit #79 Every

Bit #80 Every

Bit #81 Every

Bit # 8Z Every

Bit #83 Every

Bit #84 Every

Bit #85 Every

Shield of Above Cable

Shield of Above Gable

-_ Low Capacitance Shielded #2Z Wire

AWG

#

#

@

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#
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TABLE 5-5 TABLE 5-6

Data Output (J10.3}

Terminal Identification

1

A

Z

B
3

C
4

D
5

E

6

F

7

G

8

H

9

I

10

J

11

K

12

L

13

M

14

N

15

0

15

P

17

Q

18

R

19

S

Z0

T

21

U
22

V

23

W

Z4

X

25

Y

+4.5

-4. 5

AWG'

Bit #86 Odd •

Bit #87 Odd •

Bit #88 Odd •

Bit #89 Odd •

Bit #90 Odd •

Bit #91 Odd •

Bit #9Z Odd •

Bit #93 Odd •

Bit #94 Odd •

Bit #95 Odd •

Bit #96 Odd •

Bit #97 Odd •

Bit #98 Odd •

Bit #99 Odd ,

Bit # 100 Odd *

Bit # I01 Odd •
Bit # 10Z Odd *

Bit # 103 Odd •

Bit # 104 Odd •

Bit # 105 Odd *

Bit # 106 Odd *

Bit # 107 Odd •

Bit # 108 Odd •

Bit # 109 Odd •

Bit #110 Odd •

Shield of Above Cable

Shield of Above Cable

Data Output (J104}

Terminal Identification

1 Bit#111 Odd

A Bit#llZ Odd

2 Bit # 113 Odd

B Bit#114 Odd

3 Bit#115 Odd

C Bit#116 Odd

4 Bit # 117 Odd

D Bit#118 Odd

5 Bit #119 Odd

E Bit # 1Z0 Odd
6 Bit # IZl Odd

F Bit # 1Z2 Odd

7 Bit#IZ3 Odd

G Bit # 124 Odd

8 Bit#IZ5 Odd

H Bit # 126 Odd

9 Bit # 127 Odd

I Bit # 128 Odd

10 Bit # 13-9 Odd

J Bit # 130 Odd
11 Bit #131 Odd

K Bit # 13Z Odd

1Z Bit # 133 Odd

L Bit # 134 Odd

13 Bit # 135 Odd

M Bit # 136 Odd

14 Bit # 137 Odd

N Bit # 138 Odd

15 Bit # 139 Odd

0 Bit # 140 Odd

16 Bit # 141 Odd

P /Sit # i4Z Odd

17 Bit # 143 Odd

Q Bit # 144 Odd
18 Bit # 145 Odd

R Bit # 146 Odd

19 Bit # 147 Odd

S Bit # 148 Odd

Z0 Bit # 149 Odd

T Bit # 150 Odd

Zl Bit # 151 Odd

U Bit#15Z Odd

ZZ Bit # 153 Odd

V Bit # 154 Odd

Z3 Bit # 155 Odd

W Bit # 156 Odd

Z4 Bit # 157 Odd

X Bit # 158 Odd
Z5

Y

+4. 5 Shield of Above Cable

-4. 5 Shield of Above Cable

AWG

gLow Capacitance Shielded #ZZ Wire

5-3



,s ~_ xvv

TABLE 5-7 'TABLE 5-8

Data Output (J105)

Terminal Identification

I

A

Z Bit # 161 Odd

B Bit # 162 Odd

3 Bit # 163 Odd

C Bit # 164 Odd

4 Bit # 165 Odd

D Bit # 166 Odd

5 Bit # 167 Odd

E Bit # 168 Odd

6 Bit # 169 Odd

F Bit # 170 Odd

7 Bit # 171 Odd

G Bit # 177. Odd

8 Bit # 173 Odd

H Bit # 174 Odd

9 Bit # 175 Odd

I Bit#176Odd

10 Bit # 177 Odd

J Bit # 178 Odd

I 1 Bit # 179 Odd

K Bit # 180 Odd

12 . Bit # 181 Odd

L Bit # 182 Odd

13 Bit # 183 Odd

M Bit # 184 Odd

14 Bit # 185 Odd

N Bit # 186 Odd

15 Bit # 187 Odd

0 Bit # 188 Odd

16 Bit # 189 Odd

P Bit # 190 Odd

17 Bit # 191 Odd

Q Bit # 192 Odd

18 Bit # 193 Odd

R Bit # 194 Odd

19 Bit # 195 Odd

S Bit # 196 Odd

20 Bit # 197 Odd

T Bit # 198 Odd

21 Bit # 199 Odd

U Bit # 200 Odd

22 Bit #201 Odd

V Bit #202 Odd

23 Bit # 203 Odd

W Bit #204 Odd

24 Bit # 205 Odd

X Bit #206 Odd

25

Y

+4.5

-4.5

Shield of Above Cable

Shield of Above Cable

AWG

g¢

g¢

g¢

g¢

@

@

@

@

@

g

@

@

ge

ge

g¢

@

g

g¢

g

g¢

@

ge

#

g

@

@

@

Data Output (J106)

Terminal Identification

1 Bit #207 Odd

A Bit #208 Odd

2 Bit # 209 Odd

B Bit #210 Odd

3 Bit #211 Odd

C Bit #212 Odd

4 Bit#Z13 Odd

D Bit #214 Odd

5 Bit #215 Odd

E Bit #216 Odd

6 Bit #217 Odd

F Bit #218 Odd

7 Bit #219 Odd

G Bit # 220 Odd

8 Bit #221 Odd

H Bit #222 Odd

9 Bit #223 Odd

I Bit #224 Odd

10 Bit #225 Odd

J Bit #226 Odd

I I Bit #227 Odd

K Bit #228 Odd

12 Bit #229 Odd

L Bit # 230 Odd

13 Bit #231 Odd

M Bit #Z3Z Odd

14 Bit #233 Odd

N Bit # 234 Odd

15 Bit #235 Odd

0 Bit #236 Odd

16 Bit #237 Odd

P Bit #238 Odd

17 Bit #239 Odd

Q Bit # 240 Odd

18 Bit #241 Odd

R Bit #242 Odd

19 Bit #243 Odd

S Bit # 244 Odd

Z0 Bit # 245 Odd

T Bit # 246 Odd

21 Bit # 247 Odd

U Bit # 248 Odd

22 Bit # 249 Odd

V Bit #250 Odd

23 Bit #251 Odd

W Bit #252 Odd

24 Bit #253 Odd

X Bit # 254 Odd

25 Bit #255 Odd

Y Bit #256 Odd

+4.5 Shield of Above Cable

-4.5 Shield of Above Cable

A WG

g

g

g

g

ge

#

g

g

g

g

ge

g

#

@

#

g

#

#

#

g_

#

ge

a

*Low Capacitance Shielded #22 Wire
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TABLE 5-9

Data Output (J107)

Terminal Identification AWG.

1 Bit #86 Even *

A Bit #87 Even *

Z Bit #88 Even *

B Bit #89 Even *

3 Bit #90 Even *

C Bit #91 Even *

4 Bit #gz Even

D Bit #93 Even *

5 Bit #94 Even *

E Bit #95 Even *

6 Bit #96 Even *

F Bit #97 Even *

7 Bit #98 Even *

G Bit #99 Even *

8 Bit # 100 Even *

H Bit # 101 Even *

9 Bit # 10Z Even *

I Bit # 103 Even *

10 Bit # 104 Even *

J Bit # 105 Even *

11 Bit # 106 Even *

K Bit # 107 Even *

lZ Bit # 108 Even *

L Bit # 109 Even *

13 Bit # 110 Even *

M Bit#lll Even *

14 Bit # llZ Even *

N Bit # 113 Even *

15 Bit #114 Even *

0 Bit#ll5 Even *

16 Bit#ll6 Even *

P Bit#ll7 Even *

17 Bit # I18 Even *

Q Bit # 119 Even *

18 Bit # 120 Even *

R Bit # 1Z1 Even *

19 Bit # 12Z Even *

S Bit # 1Z3 Even *

_0 Bit # lZ4 Even *

T Bit # 125 Even *

Zl Bit # lZ6 Even *

U

ZZ

V

Z3

W

Z4

X

Z5

Y

+4. 5 Shield of Above Cable

-4.5 Shield of Above Cable

TABLE 5-10

Data Output (J 108)

Terminal Identification

1 Bit # IZ7 Even

A Bit # IZ8 Even

Z Bit # IZ9 Even

B Bit # 130 Even

3 Bit #131 Even

C Bit # 13Z Even

4 Bit # 133 Even

D Bit # 134 Even

5 Bit # 135 Even

E Bit # 136 Even

6 Bit #137 Even

F Bit # 138 Even

7 Bit # 139 Even

G Bit # 140 Even

8 Bit # 141 Even

H Bit # 14Z Even

9 Bit # 143 Even

I Bit # 144 Even

I0 Bit # 145 Even

J Bit # 146 Even

11 Bit # 147 Even

K Bit # 148 Even

IZ Bit # 149 Even

L Bit # 150 Even

13 Bit # 151 Even

M Bit # 15Z Even

14 Bit # 153 Even

N Bit # 154 Even

15 Bit # 155 Even

0 Bit # 156 Even

16 Bit # 157 Even

P Bit _ 158 Even

17 Bit #159 Even

Q Bit # 160 Even

18 Bit # 161 Even

R Bit # 16Z Even

19 Bit # 163 Even

S Bit # 164 Even

Z0 Bit #I 65 Even

T Bit # 166 Even

Z 1 Bit # 167 Even

U

ZZ

V

•Z3

W

Z4

X

Z5

Y

+4.5 Shield of Above Cable

-4. 5 Shield of Above Cable

ME-908

AWG

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

,

*

*

*

*

*

*

*

*

*

*

*

*

*

*Low Capacitance Shielded #2Z Wire
5-5
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T • rminal

1

A

Z

B
3

C

4

D

5

E

6

F

7

G

8

H

9

I
10

J
11

K
12

L

13

M

14

N

15

0

16

P

17

Q
18

R

19
S

Z0

T
21

U
22

V

23

W

24

X

Z5

Y

+4.5
-4.5

TABLE 5-11

Data Output (J107)

Identification

Bit #168 Even

Bit #169 Even

Bit #170 Even

Bit #171 Even

Bit #172 Even

Bit #173 Even

Bit #174 Even

Bit #175 Even

Bit #176 Even

Bit #177 Even

Bit #178 Even

Bit #179 Even
Bit #180 Even

Bit #181 Even

Bit #182 Even

Bit #183 Even

Bit #184 Even
Bit #I85 Even

Bit #186 Even

Bit #187 Even

Bit #188 Even

Bit #189 Even

Bit #190 Even

Bit #191 Even

Bit #192 Even

Bit #I93 Even

Bit #194 Even

Bit #195 Even

Bit #196 Even

Bit #197 Even

Bit #198 Even

Bit #199 Even

Bit #200 Even

Bit #201 Even

Bit #202 Even

Bit #Z03 Even

Bit #Z04 Even

Bit #205 Even

Bit #Z06 Even

Bit #Z07 Even

Bit #Z08 Even

Shield of Above Cable

Shield of Above Cable

AWG

*

*

*Low Capacitance Shielded #ZZ Wire
5-6
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TABLE 5-13

D

TABLE 5-12

Data Output (J 110)

Terminal Identification
AW

1 Bit #209 Even

A Bit #210 Even

2 Bit #211 Even

B Bit #212 Even

3 Bit #213 Even

C Bit #214 Even

4 Bit #215 Even

D Bit #216 Even

5 Bit #217 Even

E Bit #218 Even

6 Bit #219 Even

F Bit #ZZ0 Even

7 Bit #221 Even

G Bit #ZZZ Even

8 Bit #223 Even

H Bit #224 Even

9 Bit #ZZ5 Even

I Bit #226 Even

10 Bit #227 Even

j Bit #228 Even

II Bit #ZZ9 Even

K Bit #230 Even

12 Bit #231 Even

L Bit #232 Even

13 Bit #233 Even

M Bit #234 Even

14 Bit #235 Even

N Bit #236 Even

15 Bit #237 Even

0 Bit #238 Even

16 Bit #239 Even

p Bit #240 Even

17 Bit #241 Even

Q Bit #242 Even

18 Bit #245 Even

K Bit #244 Even

19 Bit #245 Even

S Bit #246 Even

20 Bit #247 Even

T Bit #248 Even

Zl Bit #249 Even

U Bit #250 Even

22 Bit #251 Even

V Bit #252 Even

23 Bit #25'3 Even

W Bit #254 Even

24 Bit #255 Even

X Bit #Z56 Even

25

Y

+4. 5 Shield of Above Cable

-4.5 Shield of Above Cable

$

#

G

#

#

#

#

Data Output (J 111 )

Terminal Identification

I Bit #257 Every

A Bit #Z58 Every

2 Bit #259 Every

B Bit #260 Every

3 Bit #261 Every

C Bit #Z6Z Every

4 Bit #263 Every

D Bit #264 Every

5 Bit #265 Every

E Bi! _266 Every

6 Bit _Z67 Every

F Bit #268 Every

7 Bit #269 Every

G Bit #270 Every

8 Bit #271 Every

H Bit #Z7Z Every

9 Bit #273 Every

I Bit #274 Every

I0 Bit #275 Every

J Bit #Z76 Every

II Bit #277 Every

K Bit #278 Every

IZ Bit #279 Every

L Bit #280 Every

13 Bit #281 Every

M Bit #282 Every

14 Bit #283 Every

N Bit #284 Every

15 Bit #285 Every

O Bit #286 Every

16 Bit #287 Every

p Bit #288 Every

17 Bit #Z89 Every

Q Bit #290 Every

18 Bit #291 Every

R Bit #292 Every

19 Bit #293 Every

S Bit #294 Every

Z0 Bit #295 Every

T Bit #296 Every

21 Bit #297 Every

U Bit #298 Every

22 Bit #298 Every

V

•23

W

24

X

25

Y

+4.5

-4.5

Shield of Above Cable

Shield of Above Cable

AWG

$

$

$

$

$

$

.

@

@

@

$

$

@

@

*Low Capacitance Shielded #22 Wire
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TABLE 5-14 TABLE 5-15

Data Output (J 112)

Terminal Identification A W G

I Bit #299 Every

A Bit #300 Every

2 Bit #301 Every

B Bit #302 Every

3 Bit #303 Every '_

C Bit #304 Every

4 Bit @305 Every

D Bit #306 Every

5 Bit #307 Every

E Bit #308 Every

6 Bit #309 Every

F Bit #310 Every *

7 Bit #311 Every

G Bit #312 Every

8 Bit #313 Every

H Bit #314 Every

9 Bit #515 Every

I Bit #316 Every

I0 Bit #317 Every

J Bit #318 Every

II Bit #329 Every

K Bit #330 Every

12 Bit #331 Every

L Bit #332 Every

13 Bit #333 Every *

M Bit #334 Every

14 Bit #335 Every *

N Bit #336 Every *

15 Bit #337 Every

O Bit #338 Every

16 Bit #340 Every

p Bit #341 Every

17 Bit #342 Every

Q Bit #343 Every

18 Bit #344 Every

R Bit #345 Every

19 Bit #346 Every

S Bit #347 Every

Z0 Bit #348 Every

T Bit #349 Every

21 Bit #350 Every

U Bit #351 Every

22 Bit #352 Every

V Bit #353 Every

Z3 . Bit #354 Every

W Bit #355 Every

24 Bit #356 Every

X Bit #357 Every

25 Bit #358 Every

y Bit #359 Every

=4. 5 Shield of Above Cable

-4. 5 Shield of Above Cable

Data Output (J 113)

Terminal Identification

1 Bit #319 Every

A Bit #320 Every

Z Bit #321 Every

B Bit #322 Every

3 Bit #323 Every

C Bit #324 Every

4 Bit #325 Every

D Bit #326 Every

5 Bit #327 Every

E Bit #328 Every

6
F

7

G

8

H

9

I

10

J

11 Bit #360 Every

K Bit #361 Every

IZ Bit #362 Every

L Bit #363 Every

13 Bit #364 Every

M Bit #365 Every

14 Bit #366 Every

N Bit #367 Every

15 Bit #368 Every

O Bit #369 Every

16 Bit #370 Every

p Bit #371 Every

17 Bit #372 Every

Q Bit #373 Every

18 Bit #374 Every

R Bit #375 Every

19 Bit #376 Every

S Bit #377 Every

Z0 Bit @378 Every

T Bit #379 Every

Zl Bit #159 Odd

U Bit # 160 Odd

ZZ

V

23

W

24

X

25

Y

=4.5

-4.5

Shield of Above Cable

Shield of Above Cable

AWG

$

5-8
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TABLE 5-16

Data Output (J 114)

Terminal Identification

1 Bit #339 Every

A Bit #380 Every

Z Bit #40Z Every

B Bit #403 :Every

3 Bit #404 Every

C Bit #405 Every

4 Bit #406 Every

D Bit #407 Every

5 Bit #408 Every

E

6

F

7

G

8

H

9

I

I0

J

II Bit #381 Every

K Bit #382 Every

IZ ]Bit #383 Every

L Bit #384 Every

13 Bit #385 Every

M Bit #386 Every

14 Bit #387 Every

N ]Bit #388 Every

15 Bit #389 Every

O Bit #390 Every

16 Bit #391 Every

p Bit #39Z Every

17 Bit #393 Every

Q Bit #394 Every

18 Bit #395 Every

R Bit #396 Every

19 Bit #397 Every

S Bit #398 Every

Z0 Bit #399 Every

T Bit #400 Every

Z1 Bit #401 Every

U

ZZ

V

23

W

Z4

X

Z5

Y

=4. 5

-4.5

Shield of Above Cable

Shield of Above Cable

AWG

#s

SLow Capacitance Shielded #22 Wire
5-9
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CHAPTER VI

MAINTENANCE

6-1. GENERAL

Since the 500 Bit Receiver is made up of semiconductor circuits and magnetic core

circuits it should operate over long periods of time with no maintenance. When in the

OPERATE mode, several conditions are dependent on external signals which are required

for the 500 Bit Receiver to operate properly. If operation is faulty in OPERATE only,

check the following input signals.

6-1. I. Data Input - There are four input data lines each which must be receiving
data.

6-1. Z. Copy Input Line - There are four copy input lines in which a copy pulse once

each 1 millisecond must be received for operation. The copy pulse should go from -20

volts to 0 volts and remain 400 microseconds.

6-1.3. EOW Pulse - There must be on each EOW line an EOW pulse which is

approximately 1 millisecond wide with an amplitude from -20 volts to 0 volts. These EOW

pulses are expected to arrive once each 500 milliseconds. The leading edge of the four

EOW pulses should not vary more than a total of 400 microseconds from the leading edge

of the most advanced to the leading edge of the most retarded pulse.

6-Z. CORRECTIVE MAINTENANCE

If a normal check of inputs and outputs indicate malfunction reference to the system

block diagram (_'igure 9-i6) and the various chassis schematics figures 9-! through 9-14;

and the waveforms in figure 9-15 with a full understanding of the section of Theory of

Operation; one should be able to quickly locate the trouble.

6-3. PREVENTIVE MAINTENANCE

Since the Data Transmitter is made up largely of semiconductors and magnetic cores

it should operate over long periods of time with little or no maintenance. There are no

critical adjustments to be made except that occasionally the output voltage of the four power

supplies should be checked to see if the voltage is within operation limits as read on the

voltage meter on the Power Control Panel. These voltages may be checked by rotating the

selection switch and reading the Voltage of each power supply on the meter. A normal

reading should be 10 on the meter and should not vary more than Z%.

6-4. PERIODICAL MAINTENANCE

6-4. 1. Mechanical Maintenance - The dust filter in front of each blower must be

cleaned once a week OR MORE often when in a dusty location. Remove the two cap nuts,

one on each side of the chrome grill at the bottom of the rack. Remove the grill. The

filter can now be removed for cleaning. This filter can easily be cleaned with the aid of

a vacuum cleaner. Replace the filter with the reverse procedure.

6-1
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6-4. Z. Electrical Maintenance - No special considerations are needed for mainte-

nance of this equipment. However, normal failures of individual components may be ex-

pected and can be located through normal maintenance operations. Values of all major

component parts used in the chassis are indicated in CHAPTER VII, PARTS LIST. The

indicators located on the front panels of the chassis give indication of malfunction in most

cases. By observing these indicators d_ring normal operation, it is possible to determine

quickly in which chassis the trouble is located, and in which portion of the chassis the

trouble is contained.

6-Z
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CHAPTER VII

PARTS LIST
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41 2

ITEM REFER.
NO. DESIG-

NATOR

4-1

4-2 0401
0403

0405
0407

C471

4-3 C473

4-4 C402

c4o4

0406

0408

CZ/4

c416
0418

C420

0422

046S

4-5 C476

C480

0481

4-6 C409

4-7 0412

0423

0469

047O

4-8 0421

4-9 046o

0461

0482-

04S9

0472

C474

0477

0411

0492

0493

C494

C495

4-10 0462

0410

s

CLASS STOCK
NO.

MFG.AND
PARTNO.

Oornell-Dubilie

_M4S5

Cornell-Dubil

FM2P5

Faneteel

F308-I

Cornell-_b

_2

Elmenco

_-I9B-222K

F_nsteel

FIIO-I

Eimenco

CM-19B-102K

Cornell-Dubiliez

2 3 4

5
DESCRIPTION

5 6 7

Mylar, .05mr, 400vdc

Mylar, .Smf, 200vdc

Cap) 100mr, 30vdc

_'_lar, .02mr, 400vdc

Mylarj .04mr, 600vdc

Mica, 2200mmf, 500vdc

-Cap) iOmf, 2_vdc

Mica_ !O00mmf, 500vdc

Mylar, .OLmf, 400vdc

6

UNIT
PER

ASSY.

19

7

PROCURE.
MENT
CODE



4 5I 2

ITEM REFER.
NO. DESIG-

NATOR

4-II C413, 13A

C415, 15A

C417, 17A

C419, 19A

4-12 C475

C478

C479

4-13 C463-

,_,7

4-14 C497

4-15 c490

4-16 CR401-

CP404
CR4OT-
CR410
CR460
CR46i

CR467-

CR469

4-17 CR405

CR462-

CR466

0R496
CR497

CR496

cR499
CR470-
CR495

4-18 CR411

0R413

4-19 CR412

4-20 DS460-

DS466

4-21 /401

4-22 M401

MY+60 -

M465

4-23 M402

4-24 N401
N411

N420

CLASS

3

STOCK
NO.

MFG. AND
PART NO.

Cornell-Dubi

P_J+Pl

Elmenco

CM-19B-681K

Elmenco

CM-19B-202K

Cornell-Dubilie

FM2P25

Elmenco

C_[-19B-33_<

GoE.

IN1692

Transitron

TI2G or

Clevite

CTP-503

Pacific

Semi-Conductor

n_703

International

Rectifier

IZ6.2T5

MEC

16-102

Dialight C_p.

6s6

MEC

MNII

_C

MNI2

MEC

TNI61

I 2 3 4

DESCRIPTION

$ 6 7

Mylar, .Imf, 4OOvdc

Mica, 68Omf, 50Ovdc

Mica, 2OOOmf, 50Ovdc

Mylar, .25mr, 200vdc

Mica, 330:mmf, 500vdc

mt, Candelabra Base, 24V, Clear

6

UNIT
PER

ASSY.

7

PROCURE.
MENT
CODE



I 2

-r_d_4 REFER.
NO. DESI_

NATOR

4-25 N402
N_4
N_6
N_8

N_3
N425

N_7

4-26 ._3

N405

N407

N409

N_2

N424
N_6

N428

N4_ -

N478

N_3

N414

4-27 N410

N_2

N_7

4-28 N415

4-29 N416

4-30 N419

N468
N469

4-31 N460-
N466

N418

4-32 F4Oi

4-33 R413
R436

R441

_+44

R447

_50

4-34 _01

_04

R407
R410

R428-

_35
R440

R446

_449

4-35 R402

R4o5

R4o8

CLASS

3

STOCK
NO.

4

MFG, AND

PART NO.

MEC
TNI62

MEC

TNI38B

MEC

TNI59

MEC

TNI30B

MEC

TN57

MEC

TN28

_c

TNI44

_F_O_

DD-5OP

MIL

RC2OGFIO2K

MIL

RC2OGFIOIK

MIL

RC20GFI53K

I 2 3 4

IS

IS

DESCRIPTION

S 6 7

ISTOR ]

Isle

'OR Fi

'OR F_

'OR Fi

I
Hin Contact, 5 Amp Hating

I
Composition IK, 10%, _W_ed

_ed Composition, iOO ohm, 10%, _W

Composition, 15K, 10%, _W

UNIT

PER
ASSY.

8

1

3

1

I

3

8

I

6

16

4

7

PROCURE-

MENT

CODE



4 5I 2

ITEM REFER.
NO. DESIG-

NATOR

4-36 I_403

R406

R40O

R412

I_442

_445

I_4Y÷S

4-37 k_14-

R422

I_72

R473

RF+76

_{478

}{450

4-38 }{423

_427

}{481

m183

I{487

R489

R491

R4117

R4121

R4113

R4125

t{4129

}_+133

R4137

R4141

4-39 R7+24

R488

R490

RA92

4-40 R426

R468-

R470

a4101-

R4112

R496

R497

R482

R484

R452

R453

P_151

4-41 R437

4-42 R438

4-43 I{439

3

CLASS STOCK
NO.

MFG. AND
PART NO.

Allen Bradley

JZU-I031 of

JAIbO4OSIO3UC

M IL

RC20GFII3J

MIL

RC2OGF332K

MIL

RC2OGF333_

M IL

RC2OGFIO3K

b_IL

RC2OGFIO4K

HI L

RC2OGF202_

MIL

RC32GF431J

I 2 3 4 S 6

DESCRIPTION

7

10%, 2W, Linear Taper

Composition, ilK, 5%, _W

Composition, 3.31, 10%, _W

Composition, 33K, iO%, _

Composition, 10K, i0%, _W

Composition, lOOK, 10%, !_4

Composition, 2K, iO%, @J

Composition, 430 o.hm, 5%, IW

6

UNIT
PER

ASSY.

7

PROCURE-
MENT
CODE



4 5

)

I 2

ITEM REFER.

NO. DESIG-

NATOR

4-44 _u,60-

_U_14

R_122
__126
_30
R4134
R4138

R4142

4-45 R493

4-46 R494

4-47 R495
R498

R4115

R4119

R4123

R4127

R4/32

R4136

R4140

R4144

R4149

R4150

4-48 _471
R474

R475

R477

R479

4-49 R4116

R4120

PJ+I28

R4131

R4135

R4139
_4143

4-50 R4147
R4148

4-51 $401

4-52 S402

4-53 TJ401
TJ402

4-54 VM4OI-

VM408

4-55 xLiOl

3

CLASSi STOCK
NO.

MFG. AND

PART NO.

MIL

RC20GF273K

MIL

RC20GF223K

MIL

RC20GFI82K

MIL

RC20GF473K

MIL

RC2OGFIO4K

MIL

RC20GF472K

MIL

RC32GF821K

Centralab

PA2029

Micro

2PBII

Cannon

DDSOS

Assembly Prod.

261-c

Dialight Corp.

514001-111

! 2 3 4

_W TC

_W TC

_C NE

7E_

)I(

DESCRIPTtON

5 6 7

Composition, 27K, i0%, _W

C_position, 22K, I0%, _W

Composition, I.SK, 10%, _W

Composition, 47K, 10%, _W

Composition, lOOK, i0%,

Composition, 4.7K, i0%, _W

OR_ F:

' I °t_

["O_ sl

:T ,

, _1_

_TOR H(

ry

bu

(

,LE

Composition, 820 ohms, 10%, _W

ton

ale, 50 Pin Contac£, 5 Amp Rating

llear Plastic)

IR

2

1

1

2

8

1

7

PROCURE.
MENT
CODE



1 2

REFER.

NO. DESIG-
NATOR

4-56 _,01-

_403

X_60 -

X_65

4-57 XN401

XN/+II

XN&20

4-58 XNiO2-

XN&I0

XN412-

XN419

XN460-

X N466

XN468-

XN478

XN421-

XN&28

4-59

3-I

3-Z CR301

3-3 CR30Z

3 -4 DS301

3-5 1301

3-6 K301

3 -7 P301

3-8 R301

3-9 R302

3-I0 R303

3-II R304

R307

R309

R311

3-1Z R305

CLASS

3 A

STOCK MFG. AND
NO. PART 1,10.

Amphenol
TSI03P02

Amphenol

77-MIP-IIT

JAN

TSIOIPOI

Whitso

KI05

MEC

76 -3A

G.E.

IN1695

Transltron

TIZG or

Clevite

CTP-503

Eldema

ICGIZ-4535

Diallght Corp.

S-6

C.P. Clare

RP-3718-G76

Cannon

DD-50P

MIL

RCZ0GF393K

Phaostron

CA4RS-I/Z

Phaostron

CA4RS-I/Z

Phaostron

CA4RS-I/2

Phaostron

CA4RS-I/Z

5

DESCRIPTION

1 2 3 4 $ 6 7

Filled

ER CONTROL

Spec. ZIC-3864-7

scent, Candelabra Base,

c (Type 7) to MEC Spec. Dwg.

sd composition, 39K *10% I/ZW

clsion, 54K +1% I/2W

cision, IZK _1% 1/ZW

,cision, 20K *1% 1/ZW

!cision, 85K +1% 1/ZW

6 7

UNIT PROCURE.
PER MEHT

ASSY. CODE



4 51 2

ITEM REFER.
NO. DESIG-

NATOR

3-13 R306

R308

R310

3-14 $301

3-15 S30Z

3-16 VM301

3-17 XI30I

3-18 XK301

3-19 XD301

3 -Z0

3-21

5-1

5-Z G501

5-3 C50Z

_-4 C504

5-5 C505

5 -6 C506

G510

5-7 C508

G509

c51f

5-8 C511

C518

G507

5-9 G51Z

5-10 G513

G519

5-11 G514

G515

5-1l CR501

GR50.3 -

GRS05

3

CLASS STOCK
NO.

MFG. AND
PART NO.

Phaostron

CA4RS-I/Z

Carling
ZGL63-73

Centralab

PA -Z003

Beede

E-Z5

Dialight Corp.
514001-111

JAN

TS101P01

Eldema

11H4593

Whitso

K-105

Eldema

11H4119

MEG

76 -5A

Fansteel

Fll0-1

Fansteel

F308-1

Cornell Dubtliq ir

PM4S5

Cornell Dubili,

PM4P_5

MIL

CM-19B-681K

MII,

CM-19B-ZZZK

MIL

CM-19B-10ZK

Gornell Dubiliq r

PM4S1

PM4P1C°rnell Dubilier I
G.E.

Z9F610

Transitron

TIZG or

Clevite

CTP-503

DESCRIPTION

1 2 3 4 5 6 7

IE ;I_

;W TI

;W T_

Jl_ rt

N] IC

;O :K

Ni IC

IN )B

,E qS .=d)

i

I

IAS; E1 [B

]A =A

:A _A

_A PA

F++,.
CAPAGI '

;A

,cis|on, 17K +1% I/ZW

,DER

Mica filled

.DER

Hu-Cap) lO/zf Z5 vdc

iO0/M 30 vdc

'ixed, Mylar, .05/M 400 vdc

'ixed, Mylar, .Z5/_f 400 vdc

'ixed Mica, 680L_/_f ilO°_o 500 vdc

'ixed Mica, 2ZOO/2/M _10% 500 vdc

'ixed Mica, 1000/M +10% 500 vdc

'ixed Mylar, .01_f 400 vdc

"ixed Mylar, . 1/M 400 vdc

7antalytic, 8_f 30 vdc

6

UNIT
PER

ASSY.

7

PROCURE. ' '

=1



4 S1 2

ITEM REFER.
NO. DESIG.

NATOR

5-13 CRSOZ

5-14 I501

5-15 KS01-

K503

5-16 L501

5-17 N501

5-18 N50Z

N506

5-19 N503

N509

5 -Z0 N504

5-ZI N505

N510

5-Z? N507

N508

5-23 P501

5-Z4 R50Z

R503

R506 -

R508

RSII

R51Z

5-25 R509

5-Z6 RSI0

R501

5-Z7 R505

5 -Z8 $501

5-Z9 $50Z-

S514

5-30 S515

5-31 T J501

5 -32 XlS01

5-33 XNS01 -

XN510

5-34 XK501 -

XK503

5 -35

5-36 C516

3

CLASS STOCK
NO.

MFG. AND
PART NO.

Hoffman

IN703

Dialtght Corp.
S-6

C.P. Clare

RP4461 -GZ8

U.T.C.

HVC-6

MEC

TN-134

MEC

TN-III

MEC

TN -90B

MEC

TN-154

MEC

TN-138

MEC

TN-158

Cannon

DD-50P

MIL

RCZOGFI03K

MIL

RCZ0GF333K

MIX,

RCZOGF33ZK

MIL

RCZ0GFZOZK

Centrelab

PA -z011

Micro

2PBll

Carling

ZGM63 -73

Cannon

DD-50S

Dialight Corp.

514001-111

JAN

TSI01P01

Eby

9759-5

Whitso

K-105

MIL

CM-19B-331K

! 2 3 4

DESCRIPTION

5 6 7

scent, Candelabra Base,

4 Form c (Type Z)

:TWORK

ETWORK

ETWORK

ETWORK

ETWORK

ETWORK

:ed composition, 10K 4.10% i/ZW

l

:ed composition, 33K +10% l/ZW

:ed composition, 3.3K 4.10% l/ZW

_ed composition, Z000_ 4-10% 1/g_

,DER

Mica filled

Miniature, (Bottom Mounted)

Mica, 330/2,/M 500 vdc 4.10'

6

UNIT
PER

ASSY.

7

PROCURE-
MENT
CODE



)

!

ITEM
NO.

7-I

7-Z

7-3

7-4

7-5

7-6

7-7

7-8

7-9

7-I0

7-11

7-I_-

7-13

7-14

7-15

7-H

7-17

7-18

7-19

7-Z0

7-Zl

7-2Z

7-Z3

7-Z4

7-Z5

7-Z6

REFER,
DESIG-
NATOR

C701

C70Z

C703

G704

C705

C707

C706

CR701 -

CR703

CR704

DS701-

DS7Z0

M701 -

M720

MTZl

N701 -

N72_0

N7ZI

N7ZZ

N7Z3

P701

R701 -

R7Z0

R7ZI

R7ZZ

RTZ3

R7Z4

RTZ5

R726

R7Z8

R727

TJT01

XMT01 -

XM7zI

3

CLASS STOCk
NO.

4

MFG, AND
PART NO.

MEC

76 -TA

MIL

CM-19B-10;'K

Cornell Dubili

PM4SI

MIL

CM-19B-471K

Fansteel

FII0-1

Fansteel

F308-1

Cornell Dubili

PM4S5

G.E.

IN1692

Transttron

TlZG or

Clevite

CTP-503

MEG

16-10Z

MEC

MN-II

MEG

MN-13

MEG

TN-144

MEG

TN-130B

MEG

TN-58

MEG

TIN-138B

Cannon

DD-50P

MIL

RCZOGF273K

MIL

RGZ0GFI03K

MIL

RGZOGFISZK

MIL

RGZOGF33ZK

MID

RCZOGFI63J

MIL

RCZ0GFIOZJ

MID

RGZOGFI61ff

Cannon

DD-50S

JAN

TSI03POZ

2

LS_

3 d 5

EI_IBL Y]

A_AC_TC

;APA]C :I1

;APAI_:Iq

;APA]C :I1

nshlat -'4

ZAIPAI, ;11

:ns_ll_! e4

DIOD_

DIODE

INDIq k !

I

TBIAN _I,'

TFOkN 3I,'

TITAN _i_

T lq[A N 5I,'

PIJU I

R EI$1,' r(

R l_SI,' r(

R_SI_ r(

Rt_SI: T(

R_ISI', T(

R_SII T(

R]_SI_ T(

C0N_ E(

i

I

DESCRI_ION

67

T SHIFT REGISTER

zed IdJca, 1000_tFf 500vdc_+10%

ixed, Mylar. .01/M 400 vdc

Ixed. Mica. 470/_/M 500 vdc _I0%

Blu-Cap) 10/_f ;'5 vdc

100/_f 30 vdc

:ixed Mylar, .05/M 400 vdc

ETWORK

ETWORK

ETWORK

ETWORK

Fi

Vi

Fi

Fi

FI

Fi

Fi

R

P_

ed composition, Z7K _10% l/2W

:ed composition. 10K ±10% I/ZW

:ed composition. 1.SK _10% 1/Z_

:ed composition, 3.3K i10% 1/ZW

:edcomposition. L6K i5% 1/zw

:ed composition. IK i5% 1/ZW

:edcomposition. 160Q _5% 1/:'W

Miniature, Mica filled

6

UNIT
FER

ASSY.

1

1

1

1

1

Z

1

3

1

Z0

Z0

1

gO

I

I

I

I

gO

Z

I

1

i

Z

I

1

Zl

7 I
PROCURE- I

MEre I
CoDE J



i 2
ITEM REFER.
NO. DESIG-

NATOR

7 -Z7 XNT01 -

XNTZ3

8-I

8 -Z C801 -

C8ZZ

8 -3 C8Z3

C8Z4

8 -4 C885

8 -5 C826

C8Z7

8 -6 C8Z8

C8Z9

8-7 CRS01 -

CR803

8 -8 CR804

8 -9 DS801 -

DS8Z0

8-10 M801 -

M810

8-Ii ! M811

8 -IZ N801-

N8Z0

8-13 N8Z1

8-14 N822

M8Z3

3

CLASS :STOCK
NO.

4

MFG. AND
PART NO.

JAN

TSIOIPOI

MEG

76 -8A

MIL

GM-19B-10ZK

Gornell Dubtli

PM4S1

Fansteel

Fll0-1

Fansteel

F308-'1

MIL

CM-19B-331K

G.E.

INI69Z

Clevite

CTP-503

MEC

16-10Z

MEC

MN-11

MEC

MN-13

MEC

TN-144

MEC

TN-130B

MEC

TN-138B

DESCRIPTION

1 2 3 4 5 6 7

Mica filled

T SHIFT REGISTER

ixed Mica, 1000_/_f +10% 500 vdc

ixed, Mylar, .01/zf 400 vdc

10/zf Z5 vdc

Blu-Cap) 100/_f 30 vdc

ixed, Mica, 330/_]Af _10% 500vdc

ic

[ETWORK

[ETWORK

rETWORK

6 7

UNIT PROCURE-
PER MENT

ASSY. CODE

Z3

1

ZZ

Z

1

2

Z

3

1

20

10

1

Z0

1

Z



I 2

ITEM REFER.
NO. DESIG-

NATOR

8-15 N824

8-16 P801

8-17 R801

8-18 R861 -

R864

8-19 R841-

R860

8 -20 R865

8-2`1 R866

R867

8 -22 R868

8 -23 R869

8 -24 TJa01

8-2`5 RazI-

R840

8-2`6 XM801 -

XMall

8 -2`7 XN801-

XN824

4-I

4-Z C401

C40Z

C42` I-C42`3

4-3 C403

C4Z5

[5443

C444

4-4 C424

4-5 C404

C426

4-6 C441

C44Z

4-7 C445

4-8 CR401

CR4ZI

4-9 CR402`

CR4ZZ

4-10 CR442

4-11 F401

F403

4-1Z F40Z

3

CLASS STOCK
NO.

d

MFG. AND
PART NO.

MEG

TN-58

Cannon

DD-50P

MIL

RCZOGF273K

MIL

RCZ0GFI03K

MIL

RC2`0GF113J

MIL

RC20GFI82K

MIL

RC20GF 102K

MIL

RCZOGF332K

MIL

RCZ0GFI63J

Cannon

DD-50S

MIL

RCZOGFI04K

JAN

TSI03P02

JAN

TSI01P01

MEG

165-4C

Mallory

Z0-71937

Cornell Dubili

PM4S1

Cornell Dubili,

PM4PI

Fansteel

F308-I

Mallory

Z0-71855

Fansteel

F316-1

G.E. J

4JAZIIABIACZ

International

Rectifier

IN1519

International

Rectifier

IN1524

Bussmann

AGC

Bussmann

AGC

5

DESCRIPTION

7

ETWORK

ed composition, ZYK +10% I/ZW

ed composition, 10K *10% I/2`W

ed composition, IlK +5% I/2`W

composition, 1800_ +10% I/2W

ed composition, IK +10% 1/2-W

ed composition, 3.3K +10% I/2W

ed composition, 16K _5% 1/2W

ed composition, 100K +10% I/ZW

Miniature, Mica filled

Mica filled

ER SUPPLY

_omputer Grade, 4000/_f 60 vdc,

Alum. can with acetate sleeve.

!

_txed, Mylar, .01_f 400vdc

!

II
'ixed, Mylar, . l_f 400 vdc

,lu-cap, lO0_f 30 vdc

:omputer Grade, 2000/_f 100 vdc,
Alum. can with acetate sleeve.

.lu-cap, 30_f 100 vdc

IZ4.7)

(IZI2)

6

UNIT
PER

ASSY.

[

1

Z0

4

Z0

l

:)

1

1

1

:)0

ll

;'4

7

PROCURE-
MENT
CODE



i 2

ITEM REFER.
NO. DESIG-

NATOR

4-13 F404

4-14 P401

4-15 Q433

Q44Z

4-16 Q401

Q4Z1

Q441

Q42z

4-17 O40Z

Q403

Q434
Q443

4-18 Q404

Q425

Q444

4-19 R401, R402

R421A

R42- IB

R441

R44Z

4-Z0 R403

R443

4-21 R404

R4Z5

R444

4-22 R405

4-23 R406

4-24 R407

R4Z8

R447

4-Z5 R408

4-2-6 R409

R430

R449

4-Z7 R410

R431

R450

4-Z8 R41I

R43Z

4-Z9 R412

4-30 R414

R435

4-31 R415

4-32 R413

4-33 R42Z

4-34 R4Z3

R424

CLASS

3

STOCK
NO.

4

MFG. AND
PART NO.

Bussmann

MDX

Cannon

DD-50P

Delco

ZN553

Delco

2N443

G.E.

ZN525

Sylvania

2N377A

Ward Leonard

5X1

Ward Leonard

5X3

MIL

RC42GF102K

MIL

RC4ZGFISIK

MIL

RCZOGF681K

MII,

RCZ0GFI01K

MIL

RCZOGFIZZK

MIL

RCZ0GF822K

MIL

RCZOGF6ZIJ

MIL

RGZOGF47ZK

MIL

RC3ZGFIZIK

Chicago Tel.

RAZOLASBZ50A

MIL

RC32GF820J

MIL

RC4ZGFI31J

Ward Leonard

10F1

Ward Leonard

10FZ

I 2 3 4

DESCRIPTION

5 6 7

a, Slo-Blow, 3 Amp.

[Mount with Parts #100 & #I01)

[Lug type Leads)

ohm, lfl 5W

Zfl 5W

ed composition, IK +10% ZW

ed composition, 150fl +10% ZW

composition, 680_ _:10% 1/ZW

ed composition, 100fl +10% 1/ZW

:ed composition, I.ZK _:10% 1/ZW

:ed composition, 8.2K*10% 1/2W

:ed composition, 6Z0fl _5% 1/ZW

:ed composition, 4.7K _:10% 1/ZW

:ed composition, lZ0fl _10% 1W

rER, ZSfl ZW

ted composition, 8Zf2 +5% 1W

_ed composition, 130_ *5% 2W

:ed, Wire wound, In 10W

ted, Wire wound, Z_ 10W

6

UNIT
PER

ASSY.

'7

PROCURE.
MENT
CODE



4 5! 2

ITEM REFER.
NO. DESIG-

NATOR

4-35 R4Z6

R437

4-36 R417

R446

4-37 R4Z9

R448

4-38 R433

R416

4-39 R436

4-40 R434

4-41 R451

4-4Z R453

4-43 R454

4-44 R455

4-45 R451

4-46 R445

4-47 T401

4-48 TJ401-

T J404

4-49 XF401 -

XF404

3

CLASS STOCK
NO.

MFG. AND
PART NO.

Ward Leonard

10F150

MIL

RC32GF681K

MIL

RC3ZGF1ZZK

MIL

RC4ZGFZ71K

MIL

RC3ZGF5103

MIL

RC4ZGF 181 J

MIL

RC4ZGF30ZJ

Allen Bradley

JLU-1011 or

JAIL040SI01U

MIL

RC4ZGFZ72J

Ward Leonard

5X500

MIL

RC3ZGF561J

Ward Leonard

10FZ50

TTI 5486

H.H. Smith

ggl

Bus smann

HKP

I 2

DESCRIPTION

7

ed, Wire wound, 1501_ 10W

ed composition, 680_ +10% IW

composition, 1.ZK _10% IW

composition, ZTO_ _I0% ZW

composition, 51_ _5To IW

composition, 180_ 15% ZW

:ed composition, 3K _5_0 ZW

?ER, I00_ ZW, Linear Taper

ed composition, Z.7K _5% 2W

ed, Axiohm, 500_ 5W

ed composition, 560_ _5% 1W

Wire wound, Z50_ 10W

tanana (Black)

6

UNIT
PER

ASSY. I

7

PROCURE-
MENT
CODE



4 5I 2

ITEM REFER.
NO. DESIG-

NATOR

9-1

9 -Z C901 -

C905

C906

9 -3 C907

9 -4 C908

9-5 CRg01

CRq0Z

9-6 CR903

9 -7 CRg04-

CR907

CRg09-

CRgll

9 -8 CR908

9-9 Lg01

9-10 Ng01

9-11 0901

9-12. Rg01

9-13 R90Z

9-14 R903

9-15 R904

9-16 R905

9-17 R906

9-18, R907-

R909

9-19 R910

9-Z0 T901

9-ZI Tg0z

9 -Z2 T903

9 -Z3 T J901 -

TJ903

9-Z4 XNg01

3

CLASS STOCK
NO.

MFG. AND
PART NO.

MEC

76 -9A

Mallory

20-71937

Corned Dubtli

PM4P5

Mallory

?.0-71844

G.E.

ZJ50B(C60)

Westinghouse

INI300

G.E.

IN1693

G.E.

4JAZIIBBIACI

Sterling Trans

T3891

MEC

TN-160

Delco ZN443

MIL

RCZOGF6ZZJ

Ohmite

CT,U-15ZI or

JA IL040SI 5ZU,

MII,

RCZOGF6ZIJ

MII,

RCZOGF531K

Ohmlte 0600A

MIL

RC4ZGF33ZK

Ward Leonard

ZOF1

MIL

RCZOGF101K

Industrial Tral

MP-8610

Sterling Trans

T-3890

Chicago Trans

FMS -6

H.H. Smith

ZZl

Amphenol

77-MIP-11T

1 2

DESCRI_ION

67

PI)WIER SUPPLY (-17V and -ZOV)

"O1, 1;omputer Grade, 4000/_f 60 vdc

4-1./4, Alum. can with Acetate Sleeve.

"O]_, ,'Ixed, Mylar, .5/_f 400 vdc

"O]_, 1;omputer Grade, 15,000/_f 15 vdc

4-IL/_ Alum. can with Acetate Sleeve

ETWORK

Lug type Leads)

Fi_ed composition, 6.2K _-5% 1/ZW

ETER, 1.SK ZW, Linear Taper

R, Fi::ed composition, 6Z0_ *5% 1/ZW

R, Fi::ed composition, 330f2 *10% 1/Z'_

R, ]Fi::ed, Wire wound, 5ft 100W

mttng Bracket #1Z)

R, Fi::ed composition, 3.3K *10% ZW

SI_T( R, [Ft::ed, Wire wound, 1£ Z0W

R, Fi::ed composition, 100_ _:10% 1/ZW

(Black)

11 Pt

6

UNIT
PER

ASSY,

I

7

PROCURE-
MENT
CODE



5

)

i 2
ITEM REFER.
NO. DESIO-

NATOR

1-1

I-2 I4-16

1-3 J 105

3106
J 109
J114

1-4 S2

1-5 TB2

1-6 XII-
XI3

1-1

1-2 FI-F3

1-3 11-13

1-4 JlOl-
J104
J107

J 108

1-5 J40

1-6 J98

1-7 J99

1-8 Sl

1-9 TBl

1-10 XF I-XF3

3

CLASS STOCK
NO.

4

MFO. AND
PARTNO.

MEC
76-IABA

DiaJJght Carp
bSb

,Amphenol
!97-3102A-36-
404P

Cerllng
2GM63-73

Cinch Jones
2-140

Oiallgbt Carp
514001-111

MEC
76-1AAA

Bussmann

BAN

Dialight Carp
6S6

Amphenel
:97-3102A-36-

404P

C8flflofl

MS3102A-48-5P

CBnnoN

MS3102A-24-10

Cannon
MS3102A-24-28

Cerling
2GM63-73

Clnch Jones

2-140

Bussmeflfl

HPC

DESCRIPTION

1 2 3 4 5 6 7

JCo] lettor Bracket
/

nc_ ld_scent, Candelabra Base

le DPDT

Ip

lder

I
I, Connector Bracket

5 4mp

ncInd_scent, Candelabra Basele r I

c1°r

c_or

,clor

_clor

hJ T ggIte, DPDT

tr_lp

r

6

UNIT
PER

A$SY.

7

_OCUWE.
MENT
CODE



4 S,,I 2

ITEM REFER.
NO. DESIG-

NATOR

I-II Xl l-X13

1-12

1

CLASS

3

STOCK
NO.

MFG. AND
PART NO.

Dlalight Cor

514001-III

1 2 3 4 5 6 7

Alien Bradle I
702AOD92

_IcLean

2i_B508C

DESCRIPTION

Ider

B OW

6

UNIT
PER

ASSY.

7

PROCURE-
MENT
CODE
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CHAPTER VIII

WIRE LIST
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ME 907

17 V AND- 20 V POWER

MEC MODEL 76-9 A

SUPPLY

1. GENERAL

This power supply develops regulated output voltages of -17V at 40 amps and -Z0V

at 3 amps. The -20V portion is developed by adding a -3V supply on the bottom of the

- 17V supply.

Z. -17V SUPPLY

Z-1. The 17V power supply is regulated by silicon controlled rectifiers (SCR)

CR901 and CR902, by controlling the time which current can flow through their ex-

ternal circuit. When the external load is small, the SCRs are "on" for only a small

amount of the input a-c cycle; when the external load is large, the SCRs are on for

almost all of the input a-c cycle. The length of time which the SCRs are on is con-

trolled by N901 (TN160) and its associated external circuitry.

Z-Z. CRg01 and CRg0Z are SCRs which are phase-controlled elements used as a

full wave rectifier element from the output of transformer Tg0z. The two SCRs are

fixed by gate signals from a common source, TNI60. The operation of the circuit in

TN160 is as follows: The unijunction transistor Q1 acts as a relaxation oscillator

synchronized by its inter-base voltage supply. The firing circuit (TN160) is connected

to the output of a single phase bridge formed by diodes CR904, CR905, CR906 and

CR907, through R906. Zener diode (CR1) in the TNI60 clips the rectified voltage,

which charges capacitor C907 through resistor R7 in TNI60. This voltage fires the

unijunction transistor and whichever SCR has a positive anode voltage during flaat half

cycle of the a-c input. Upon firing, the voltage across the SCRs decrease to the for-

ward conduction value of less than 1 volt. This discharges capacitor C907, and keeps

it discharged until the a-c input is reversed, at which time a new timing cycle starts for

-17v and -20v Power Supply
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ME 907

the alternate SCR. If no ctlrrent is being shunted by the voltage controI circuit (QZ

and its associated circuitry) through I_6, Q1 will fire within ten degrees after the be-

ginning of each half cycle of the a-c supply voltage. At this minimum firing angle, the

SCRs will deliver the maximum voltage to the load.

Z-3. QZ controls the firing angle by shunting C907. An increase of base current

of QZ will decrease the effective resistance of Q2, which will add a loading to C907,

changing the charging time constant. This diversion of current will retard the firing

angle so that a very small output will occur from Ca901 and CI_90Z.

?--4. DETAILED DESCRIPTION - The base current of QZ is a feedback signal

(or error voltage) developed from comparing a voltage on the base of OZ (which is

proportional to the output voltage) and a reference voltage across zener diode CRZ in

the TNI60. If the voltage tries to rise, more base current flows in O2, resulting in

more collector current. More collector current inO2 will result in C907 taking

longer to charge, and will therefore delay the time of the peak voltage on Ol.(the peak

voltage on Ol is the voltage necessary to fire QI). This retards the firing angle and

returns the output voltage to normal. If the output voltage drops, the reverse action

takes place.

Z-5. C906 and R.5 are to increase stability in the feedback circuit. Ca903 acts

as a free wheeling diode to maintain current in the load and filter choke when the SCRs

are both blocking. It contributes to over-all circuit stability. R905 is a minimum

load. L901 and C901 through C905 are the filter section.

% iiill

SCR'S

Power Supply, Bottom View, Showing Silicon-Controlled Rectifiers
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3. -ZOVSUPPLY

The -ZOV supply is only a -3V supply added on the bottom of the -17V supply. The

voltage is rectified by CR908 and filtered by R907 and C908. Since the forward drop

through silicon diodes are approximately constant through a large change of current,

CR909, CR910 and CR911 are used as a voltage reference. Q901 acts as a shunt

regulator, since its emitter voltage will be only about 0.3 volts from its base voltage,

which is constant. Therefore the output vo]tage across Q901 is constant within the

current rating of the supply. A constant current is flowing through R907, R908 and

R909. When there is no external load, this current flows through Q901, but when there

is an external load, current which flows through the external load is subtracted from

the current flowing through Q901. R910 provides current for CR909, CR910 and CR911.

Page 3 of 5
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TRANSISTOR POWER SUPPLY

MEC MODEL 165-4 C

I. GENERAL DESCRIPTION

A Milgo type 165-4C Power Supply has three outputs: the first, a +iZv, (+iv, -3v) at 1

ampere output; the second, a -Z0v, (+Zv, -6v) at g amperes output; and the third, a -65v

(+5v) at one ampere output. The -65v supply is stacked on the bottom of the -Z0v supply,

thereby giving an output of -85v. The a-c input of this supply can vary from 100vac

to 130vac and from 45 to 60 cycles. The unit is mounted in a standardMilgoslide-type rack

and has a front panel 8-3/4 inches high by 8-7/8 inches wide. Its weight is approximately

35 pounds.

Z. +iZv SUPPLY

Z-I. A portion of the output of transformer T401 is rectified by abridge rectifierCR401

and filtered by resistor R401 and capacitors C401 and C40Z. The voltage across capacitors

C401 andC40Zis normally 20v (approximate). Transistor Q401 and resistors R40Z and R403

act as a variable resistance element in series with the output load, which can be varied to

maintain a constant output voltage across a variable load. As the load current increases,

the effective resistance of Q401 is decreased so that the IR drop across R40Z, R403, and

Q401 will remain constant producing a constant output voltage. If the input a-c line voltage

should increase, the d-c voltage across filtered capacitors C401 and C40Z would increase

and the effective resistance of Q401 must increase again so thattheoutputvoltagewillremain

constant.

Transistor Power Supply
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2-2. The effective resistance of Q40I ts controlled by the control section, consisting of

tran._istors Q402, Q403, Q404, and tlletr _s_oclated circuitry. Q404 determines whether

the output voltage ts too htgh or too low and ts followed by power amplifiers Q403 and Q402,

which amplify the control signal to tile necessary power level for driving Q401. _ he base

voltt_ge of Q404 ts referenced from the output of 4.7v zener diode CIR402. The emitter

voltage of Q404 is determined by the resistor dtvider network of lR413, R414,andlR415. The

voltaire from the wiper of potentiometer lR414 is applied to the emitter of Q404.

2-3. As the output voltage increases, the magnitude of the voltage from the wiper of

R414 will also increase proportionally. Since the output across zener diode GlR402 remains

constant as the output voltage increases, the emitter voltage tends to gopositivewtthrespect

to the base voltage, driving Q404 toward cutoff. As Q404 goes toward cutoff, there is less

collector current through lR410, so there is less base current in Q403. The emitter current

of Q403 decreases, reducing the current through lR407 and base current of Q402. With less

base current in Q402, the emitter current decreases, reducing the base current of Q401.

With less base current, the effective resistance of Q401willincrease. Therefore, the output

voltage decreases until Q404 senses the correct relationship between the output voltage and

the zener voltage of CIR402.

2-4. If the output voltage decreases below the desired value, the portion of the output

voltage applied to the emitter of Q404 also decreases, tending to make the emitter more

negative with respect to the base. This increases the collector current of Q404, which in-

creases the base current of Q403, thus increasing the emitter current of Q403 and the base

current of Q402. This in turn increases the emitter current of Q402 and the base current of

Q401, which reduces the effective resistance of Q401, causing the output voltage to return to

its regulated value. Q404 actually is matching the zener voltage to the emitter voltage.

2-5. Since a portion of the output voltage applied to the emitter of Q404 can be varied by

potentiometer lR414, and the emitter voltage of Q404 is to remain constant, the outputvoltage

must be changed as the resistor lR414 is changed. In this manner, the regulated output voltage

can be adjusted overa range of+9vto+13v. Capacitor C403 has been added to prevent hunting.

lResistors lR402 and lR403 are included to limit the peak current through transistor Q401 to a

safe value if the output terminal is short circuited, and to provide reverse bias for Q401 and

Q402. lResistor lR404 provides a path for the leakage current of Q40? so that thi s current does

not affect the base current inQ401, allowingQ401tobemorenearly cut off during a light load.

3. -g0v SUPPLY

3-1. A second portion of the output of transformer T401 is rectified by bridge rectifier

GlR421 and filtered by parallel resistors lR42.1A and lR421B, and capacitors G4gl, G4Z2, and

G423. The d-c voltage across capacitors G4Z1, G42g, and G423is30v (approximate). Trans-

istors Q42l and Q42g with their associated resistors lR423, lR424, and lR422 act as a variable

resistance element in series with the output load, which can be varied to maintain a constant
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outputvoltageacross_variablelond. As the lord current tncrease_, the effective resistance

of Q421 and Q422 ts decreased so that the IR drop across R422, R423, I_1424, Q421, andQ422

will remain constant, producing a constant output voltage.

3-2. If thetnputa-cltnevoltageshould Increase, the d-c voltage across filter capacitors

C421, C422, and C423 would increase, and the effective resistance of Q421 and Q422 must

increase again to keep the output voltelge constant. The effective resistance of Q421andQ422

is controlled by the control section, conststtngoftrnnsistorsQ423, Q424, and Q425 and their

associated circuitry. Transistor Q425 determines whether the output voltage is too high or

too low and is followed by power amplifiers Q424 and Q423, which amplify the control signal

to the necessary power level for driving Q421 and Q422. The base voltage of Q425 is refer-

enced from the output by a 4.7v zenerdiodeGR422. The emitter voltage of Q425 is determined

by a resistor divider network R434, R435, and R436. The voltage from the" wiper of potentio-

meter R435 is applied to the emitter of Q425.

3-3. As the output voltage increases, the magnitude of the voltage from the wiper of 1R435

will increase proportionally. Since the output across CR422 remains constant as the output

voltage increases, the emitter voltage tends to become positive with respect to the base

voltage, driving Q425, which is an NPN transistor, toward cutoff. As Q425 goes toward

cutoff, there is less collector current through R431, and consequently, there is less base current

in Q424. With less base current in Q424, the emitter current of Q424 decreases. With less

emitter current in Q424, the current through R428 and the base current of Q423 also decrease.

This reduces the emitter current in Q423 and 'reduces the base current in Q421 and Q422.

Less base current in Q421 and Q422 increases their effective resistance, which increases the

IR drop across them. Therefore, the output voltage decreases until Q425 senses the correct

relationship between the output voltage and the zener voltage of CR422.

3-4. Conversely, if the output voltage decreases below the desired value, the portion of

the output voltage applied to the emitter of Q425 also decreases, tending to make the emitter

more negative with respect to the base. This increases the collector current of Q425, in-

creasing the base current of Q424, which in turn in'creases the emitter current of Q424 and

thebase current of Q423. This, in turn, increases the emitter current 0f Q423 and the base

current of Q421 and Q422, reducing the effective resistance of Q421 and Q422, and causing

the output voltage to return to its regulated value. Transistor Q425 is actually matching the

zener voltage to the erlaitter voltage.

3-5. Since a portion of the output voltage applied to the emitter of Q425 can be varied by

potentiometer R435, and the emitter voltage of Q425 is to remain constant, the output voltage

will have to be changed as the resistor R435 is changed. In this manner, the regulated

voltage of this supply can be adjusted from -14v to -22v. Capacitors C425 and C424 provide

feedback for stabilization purposes.

3-6. ResistorsR423andR424servetwofunctions. First, they force the collector current

of Q421 and Q422 to balance. Since the bases are tied in common, if one transistor conducts
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more than the other, the higher IR drop _,, their associated resistor would tend to r'everse

bias the transistor with the most current and, in this manner, force the currents to balance.

Second, if the output supply is shorted, reststorsR422, R423andlR424 limit the peak current

through Q421 and Q422 to a safe value while fuse F402 is melting. Resistor R425provideg. a

path for the leakage current of Q423 so that this leakage current does not affect the base

current "in Q421 and Q422. This allows Q421 and Q422 to be more nearly cut off during a

. lt_ht load.

4. -65v SUPPLY
]

4-1. A third portion of the output Of transformer T401 is recttftedlby a bridge rectifier

GR441 and filtered by resistor 1R441 and capacitors G441 and C442. The voltage across

capacitor C441 and G442 is normally 75v (approximate). Transistor Q441, and resistors

1_442 and R443, act as avariable resistance element in series with the output load, which can

be varied to maintain a constant output voltage across a variable load. As the load current

increases, the effective resistance of Q441 is decreased so that the IR drop across R442,

R443, and Q441 will remain constant, producing a constant output voltage. If the input a-c

line voltage increases, the d-c voltage across filtered capacitors G441 and G442 will increase

and the effective resistance of Q441 must increase again so that the output voltage will re-

main constant.

4-2. The effective resistance of Q441 is determined by the control section, consisting of

transistors Q442, Q443, and Q444 and their associated circuitry. Q444 determines whether

the output voltage is too high or too low and is followed by power amplifiers Q443 and Q442.

These amplify the control signal to the necessary power level for driving Q441. The emitter

voltage of Q444 is referenced from the output by a 12v zener diode CR442. The base voltage

of Q444 is determinedbytheresistor divider network of R452, R453, and 1R454. The voltage

from the wiper of potentiometer lR453 is applied to the base of Q444. The zener is referenced

from the positive side of this supply to reduce the emitter-to-collector voltage of Q443 and

Q444 to less than 2Sv.

4-3. tkstheoutputvoltageincreases, the magnitude of the voltage from the wiper of 1R453

will also increase proportionally. Since the output across zener diode GR442 remains

constant as the output volts increase, the base voltage tends to become negative with respect

to the emitter voltage, driving Q444 toward cutoff. As Q444 goes toward cutoff, there is less

collector current through R4S0 and less base current in Q443. The emitter current of Q443

decreases, reducing the current through 1R447 and the base current of Q442. With less base

current, the Q442 emitter current decreases, reducing the base current of Q441. With less

base current, the effective resistance of Q441 increases. Therefore, the output voltage de-

creases until Q444 senses the correct relationship between the output voltage and the zener

voltage of G1R442.

4-4. If the output voltage decreases below the desired value, the portion of the output

voltage applied to the base of Q441 also decreases, tending to make the base more positive
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with respect to the emitter. This increases the collector current of Q444, increasing the

base current of Q443, and increasing the emitter current of Q443 and the base current of

Q44Z. This in turn increases the emitter current of Q44Z and the base current of Q441, re-

ducing the effective resistance of Q441t and causes the output voltage to increase and to return

to its regulated value. Q444 is actually matching the zener voltage to the base voltage.

4-5. Sinde a portion of the output voltage applied to the base of Q444 can be varied by

potentlometer R453, and the base voltage of Q444 is to remain constant, the output voltage

will have to be changed as the resistor R453 is changed. In this manner, the regulated output

voltage can be adjusted over a range of -60v to -70v. Capacitors C443 and C444 have been

added to prevent hunting. Resistors R443 and R443 are included to limit the peak current to

transistor Q441 to a safe value if the output termina| is short circuited, and to provide re-

verse bias for Q441. Resistor R444'provides a path for the leakage current of Q412 so that

this current does not affect the base current in Q441. This allows Q441 to be more nearly

cut off during a light load. This -65vpower supply is stacked on the bottom ofthe -Z0v supply

giving a combined output of -85v.
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MAGNETIC CORES

|. GENERAL

A component commonly used in digital data handling equipment is a magnetic core. The

term magnetic core is usually applied to a small torroid composed of magnetic material

which has high permeability and also high retention. This material will have what is caned

a square hysteresis loop, shown in Point A, Figure MN-1. Because of this square hystere-

sis loop, there are two stable energy states, which make the cores adaptable to digital cir-

cuits. Magnetic cores are commonly used for shift registers, "and" gates, "or" gates,

and other logic circuits, in addition to their use as blocking oscillator transformers.

Z. THEOKY OF OPEKATION

Z-l. GENERAL

a. The action of a magnetic core can best be described by referring to the drawing of the

hysteresis loop (Figure MN-I). The magnetomotive force, or ampere-turns, applied to the

winding of a core is measured along the X axis. Magnetic flux density (gausses), or flux

lines per square centimeter, is being measured along the Y axis. Once a core has been

magnetized and had this magnetization reversed several times, the relationship between

flux density and magnetomotive force is,described by the hysteresis loop in Figure MN-I.

b. With no current going through any of the core windings, the flux density will be either

at point D or at point H, depending upon the direction in which the core has most recently

been saturated. H the core is assumed to be at point D on the hysteresis loop and ampere-

turns are applied in the negative direction, the relationship between the flux density and the

magnetomotive force will follow the line DE. If additional ampere-turns are applied in the

negative direction, the core will go on to condition F, at which point saturation has occurred

and additional ampere-turns of magnetomotive force will result in only a minor increase in

flux level to point G.

c. If the current through the windings is now removed, the core will return to point H on

they hysteresis loop. Even though there are no ampere-turns, there is still a flux density

proportional to OH in the core. The characteristics of the core material are such that this
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Figure MN-I. Square Hysteresis Loop

flux density will remain indefinitely as though it were a permanent magnetic. If the direc-

tion of current in the winding is reversed, positive ampere-turns are applied. This will

move the condition of the core from H to A and on to B, at which point the core is now satu-

rated in the positive direction and additional ampere-turns o£ magnetomotive force will

cause very little change in flux density to point C. When the current in the coil is removed,

the core will now go from C to D, where it will remain indefinitely until driven again.

d. The net change in flux, when going from a negative quiescent state to plus saturation,

is proportional to HJ. It should be noted that other windings on the magnetic core will sense

this change in flux and will generate a voltage proportional to the number of turns and the

rate of change of flux. Figure B/IN-Z shows a simple magnetic core with three windings on

it. If posltive'ampere-turns are then applied to winding No. I, the core condition effective-

ly goes from D to B. Since the hysteresis loop is very square, the change in flux during

this time (proportional to DJ) is very small when compared to HJ° As a result, the voltage

generated in coil No. Z will be very small at this time.

e. If negative ampere-turns are again applied so that the core goes from D to E to F, the
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Figure MN-2. Simple Magnetic Core

change in flux will be proportional to DL. The voltage generated in winding No. 2 will now

be equal in magnitude, but opposite in polarity, to the voltage generated in that winding

when the core went from H to B. These pulses can be separated with diodes and used for

different purposes in logic circuits. The two stable states, D andH, are referred to as

the "0" state and the "I" state respectively.

2-Z. MNII MAGNETIC CORE

a. A Milgo MNll magnetic core has four windings and associated components designed

.specifically for shift register application {Figure MN-3). Pin 7 is connected to a -Z5v sup-

ply. The core drive pulse, applied to pin 1, travels from -ZSv to approximately zero volts

and return, with a rise time no greater than 5 microseconds and a fall time no greater than

10 microseconds. The pulse width must be at least 10 microseconds at 50 percent of meas-

ured points, but is normally approximately 40 microseconds wide.

b. This positive going pulse applied to pin 1 results in ampere-turns driving the core be-

yond positive saturation (Point C in Figure MN-I). When the core drive pulse has passed_

the core is left in state D, which is defined as "O" state. The voltage at pin 8 is normally

maintained at -ZSv but is raised to approximately -16v to insert a"l" into the core. It can

be seen that the current in the input winding, as a result of a positive going pulse applied to

pin 8, will magnetize the core in an opposite direction to that of the drive pulse. The state

of the core will go from D to G on the hysteresis loop (Figure MN-1), a-_d when the input

pulse is passed, the core remains at H, which is defined as a "1" state.

c. When the next drive pulse occurs, the flux will travel from point H to Point C0 and
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transformer action of the core and windings will result in a positive pulse being generated

at the dot end of all four windings. This positive pulse will be approximately 9v in magni-

tude with a rise time of approximately 6 microseconds. Once the core has gone from nega-

tive saturation to positive saturation, there will be no more flux change even though the

drive pulse is still present, and no additional voltage is generated in the windings. This

switching time, which takes place in approximately 6 microseconds, determines the width

of the pulse generated by the windings.

d. The 9v pulse generated in the advance winding causes diode CR3 to conduct, and will

charge capacitor C3 to approximately -16v. After the core has switched to positive satura-

tion, the voltage at pin 6 will revert to -ZSv. Diode CR3, however, prevents capacitor C3

from discharging through the advance winding, so the charge is held on C3 until it discharges

through an external load.

e. During a core drive pulse, the voltage at pin Z jumps from -Z5v to approximately zero

volts because of the IR drop in R1 caused by the shift current. With pin Z at approximately

zero volts, diode CR2 will be reverse biased and no current can flow from pin 8 through CRZ

and the input winding. After the core drive pulse has passed, the -16v charge on one CR3

can now discharge through CRZ and the input windings of the next core, driving it to the "1"

state. A "1" can be inserted by raising pin 8 to -Zlv, or more positive. It should be pointed

out that a "1" can also be inserted through pin 3, or by applying a pulse to pin 5, which be-

comes approximately 8v positive with respect to pin 4. If there is no "1" inserted between

core drive pulses, the next core drive pulse will drive the core from point D to point C on

the hysteresis loop, resulting in a very small change in flux density. This will result in a

very small voltage being generated in the windings (approximately 0.5v), giving a signal-to-

noise ratio of approximately 18 to 1.

f. It should be noted that energy transferred to a load while shifting out a "i t' comes from

the core driver and not from the core. The energy in the core merely allows energy to be

transferred to the output winding while the core is acting as a transformer. The Milgo MNll

operates equally weU on a power supply voltage of -Z0v instead of -ZSv as described.

2-3. SHIFT REGISTERS

a. When connected to form a shift register, MNll cores are connected as shown in Figure

MN-3. If a positive going pulse is applied to pin 8 of the first core, a "1" will be inserted

into that core. During the next core drive pulse, all of the cores will be pulsed simultane-

ously, since they are connected in parallel. The resultant 9v pulse from the advance winding

Page 4 of 8



of the first core will charge the capacitor in the first core to approximately -16v. When

the first core has switched from minus saturation to plus saturation_ there will no longer

be any voltage generated in the advance winding. CK3 of the first core will prevent the

capacitor from discharging through the advance winding, however, and CRZ in the second

core prevents this capacitor from discharging through the input winding of the second core.

CR2 is reverse biased because of the IR drop in the resistor of the second core caused by

the shift current.

g. When the shift pulse has passed, the pin Z voltage of the second core will go back to

-Z5v and the capacitor in the first core may now discharge through the input winding of the

second core. The resultant current through the input winding is sufficient to drive the second

core from point D to point G on the saturation curve, so that when C3 is completely dls-

charged, the second core will be in a "I" state. While this second core was being switched

from plus saturation to minus saturation, flux linkages were changing in all of the windings

of this core, with the result that a voltage was generated in aU of these coils with the dot end

of the winding negative. Diode CRI will prevent any current flow in the drive winding as a

result of the generated voltage, and the diode CR3 will prevent any current flow in the ad-

vance winding as a result of this generated voltage.

h. During the next core drive pulse, core 7. is switched from minus saturation to plus

saturation, resulting in the output capacitor of the second core being charged. After the

second core drive pulse, the discharge current from this capacitor wilt insert a "l" into

the third core and so on to the last one. Since both ends of the auxiliary winding are brought

out, the auxiliary winding may be used to generate either a positive going or negative going

9v pulse. This auxiliary pulse will be approximately C)v in magnitude, with a rise time of

six microseconds and a fall time of approximately one half microsecond. In addition, the

auxiliary winding can be used to insert "l's" into the core by applying a suitable positive

pulse to pin 5 or a suitable negative pulse to pin 4. Pins Z, 3, and 6 are brought out for

additional flexibility in adapting the 1VINll core to logic circuits.

Z-4. BLOCKING OSCILLATORS

a. The use of transformers for blocking oscillators is common and widely understood. It

is also possible to use a square loop magnetic core as a blocking oscillator transformer

with some desirable results in control of pulse width. Figure MN-4 shows the connections

of either an 1VINIZ or an 1VINl3 as used in a blocking oscillator.
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Figure MN=4. Blocking Oscillator (MNI2 or MNI3)

b. The. 9-1 winding is the collector winding and could be compared to the primary winding

of a transformer. The Z-3 winding is the feedback winding and could be compared to the

secondary winding of a transformer. The 4-5 winding is the reset winding and has no coun-

terpart in a conventional transformer. The reset winding is so connected that the Current

through the reset winding will drive the core into negative saturation. The transistor will

normally be cut off, but when triggered by a negative pulse at the input, will go into con-

duction. The resulting collector current applies positive ampere-turns to the core arid the

flux moves from H toward A and B. The resulting flux change in the core is sensed by the

feedback winding and a voltage is generated, making pin 3 negative. This negative going

voltage is applied to the base of the transistor and drives the transistor into heavier con-

duction.

c. As the transistor conducts more heavily, the rate of change of flux increases, resulting

in an even more negative voltage being applied to the base of the transistor. This feedback

very quickly saturates the transistor (approximately one microsecond), but the collector

current is limited by resistor RZ and the voltage generated in the collector winding of the

core. As long as the core ie still in the process of switching from minus saturation to plus
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saturation, the core and its windings act as a transformer and the feedback.winding conti-

nues to drive the transistor into saturation. When the core has finally reached saturation

(B on hysteresis curve, Figure h4N-l), additlonal ampere-turns from the collector winding

will no longer result in a change of flux and no additional voltage wiU be generated in the

feedback winding. This removes the drive to the transistor, which immediately cuts off,

removing the ampere-turns from the coUector winding.

d. Current through resistor R3 and the reset winding now starts to apply ampere-turns in

the negalive direction again and drives the core from position D to F. This results in a re-

versal Of flux in the core, which reverses the voltage generated in the feedback winding.

Pin 3 now becomes slightly positive, insuring a rapid cutoff of the transistor. Since the

duration of the output pulse depends on the time it takes to switch the magnetic core, the

pulse width depends on the core used and is relatively independent of the load on the block-

ing oscillator.

e. Two blocking oscillator cores are used in Milgo equipment: an MNIZ and an Iv[N13.

The MNIZ will cause a pulse approximately 10 microseconds wide to be generated by the

blocking oscillator, while the MNI3 will cause a pulse approximately 40 microseconds wide

to be generated. Ittakes approximately 30 microseconds to reset an MN12 core and approx-

imately 80 microseconds to reset an MN13 core.
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TN 28

RELAY DRIVING FLIP-FLOP

A TN28 is a bistable flip-flop which can be used for driving a relay coil or other

loads of 500 ohms or more. The external load (shown on the schematic diagram in phantom

between pins 8 and I) is a special network used in conjunction with a 350 ohm relay coil

which has permanent magnet bias and requires plus and minus currents for optimum oper-

ation. The network is normally defined as being in the "off" or "0" condition when tran-

sistor QI is saturated and Q2 is cut off, leaving the relay de-energized. The "on" or "I"

condition is the opposite, with Q1 cut off and Q2 saturated, causing the relay to energize.

Assuming that Q1 is saturated, then its collector is approximately -0.25 volts. Resistors

R4 and R5 are then connected from +,.15volts to 0 volts and by divider action hold the

base of Q2 at approximately +3.5 volts. Since the emitter at Q2 is at 0 volts, this re-

verse bias keeps Q2 cut off. With Q! saturated, its base is at approximately -.05 volts; so

the current through resistor R1 is approximately 0.25 milliamps. The current through the

series combination of R2 and the external load resistor, which may very from 500 ohms to

5K, varies from 0.53 to 0.48 miHiamps. The difference between the currents in R1 and R2

is the base current of QI, which is sufficient to drive Q1 to saturation. This satisfies the

original condition, so this condition is a stable one. The input voltages at pins 3, 6 and 7

must be somewhat negative during quiescent conditions. The fllp-flop may be turned "on"

by raising the voltage at pin 3 to a positive value so that diode CRI conducts, raising the

base voltage of QI to a positive value. Note that the input pulse will be loaded somewhat,

so it cannot be generated by a high impedance source. With the base of QI positive, Q1 is

now reverse biased and cut off. With Q1 cut off, R4 and R5 are no longer connected bet-

ween 0 and +15 volts, and'Q2 is no longer clamped off. Instead, Q2 base current may

now flow through resistors R5 and R3, causing Q2 to saturate. Now resistors R1 and R2

are connected from +15 to 0 volts and hold the base of Q1 at approximately +6 volts,

keeping Q1 in a cut off condition after the input pulse passes. This, then, is the other stable

condition which will be maintained until Q2 is cut off by a positive pulse at either pin 6 or

pin 7. A positive pulse at either of these pins turns Q2 off, allowing base current from Q1

to be conducted through R2 and the external load, driving Q1 back into saturation and re-

storing the initial condition. Diode CR2 is included to suppress the voltage of an external

relay coil connected across pins 8 and I. As Q2 goes from saturation to cutoff, the relay

coil is de-energized. However, the inductance of the relay coil attempts to maintain the

current through the relay coil by driving the voltage at pin 8 much more negative than the

-26 volt supply. If this were allowed to happen, Q2 could be damaged by excessive emitter-

collector voltage. To prevent this from happening, diode CR2 is added. During most

phases of the cycle, CR2 is reverse biased and so does not enter into the operation of the

circuit. When the relay is de-energized and pin 8 (s driven negative by the relay inductance,

CR2 is forward biased and conducts, providing a path for current through the relay coil
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and eliminating the voltage Aplke. Although the deecrlption of operation of this network has

been bRsecl on volt_gesof +15 volts nnd -Z5 volts, this network w(l| operate equally on volt-

ages of ÷IZ volts Rnd -Z0 volts or +I0 volts and -15 volts.
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TN 57

DUAL PULSE AMPLIFIER

The TNS7 contains two PNP transistors connected as two independent conventional amplifiers.

Only one of these will be discussed since the other is identical to it. As normally used, a

supply voltage is connected to pins 5 and I with the plus side on pin 5. Pin 2 will be the input

and pin 4 the output. As long as pin 2 is more positive than pin 3 the transistor is cut off

and the voltage at pin 4 will be the same as the voltage at pin I. When pin Z is approximately

0.5 volts negative with respect to pin 3 the transistor will saturate and the voltage at pin 4 will

go positive until it saturates, approximately 0.25 volts more negative than the emitter. Caution

must be used to connect an external base resistor in series with pin 3 to prevent damage to

the transistor. The value of the externalbase resistor is dependent upon how negative the

driving voltage goes and upon the external load that is connected to pin 4. To insure saturation

the base current should be at least 1/20th of the collector current.

The TN57 may also be used in a variety of applications by the addition of external

components.
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TN 58

DUAL EMITTER FOLLOWER

A TN58 consists of two NPN transistors connected as independent emitter followers. As

normally used, a supply voltage is connected to pins 4 and I with the plus side on pin 4. As

the voltage at pin 2 is varied, between the voltages at pins 4 and I, the transistor will conduct

and the voltage at the emitter, pin 3, will be approximately 0.4 volts more negative than the

voltage at pin 2. Because of the power gain of the transistor a lower impedance load can be

driven from pin 3 than could have been driven from the signal applied to pin 2.

The TN58 may also be used in a variety of applications by the addition of external com-

ponents.
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TN 90B

BALANCED FLIP=FLOP AND DIVIDER

)

The TN90B is a bistable balanced flip-flop. An auxiliary input (pin 3) allows the

network to be used as a divider in a counter.

The network is defined as being in the "0" state when Q1 is saturated and QZ is

off and in the "i" state when the reverse is true. Assume that O1 is saturated ("0" state)

then the collector voltage of O1 will be approximately 0 volts and resistor divider, R1

and R7, will maintain approximately +3.5 volts of reverse bias on the base of 02, keep-

ing it cut off. With 02 cut off, resistors R3 and R6 will provide a path for 01 base cur-

rent, clamping Ql in saturation. This condition is stable and will hot be changed until

an input is received on pin 3 or pin 6. Pin 6 is in " i" input, in that a positive pulse above

0 volts at pin 6 will cause CR3 to conduct, thus driving the base of 01 positive above 0

volts, reverse biasing QI, subsequently cutting 01 off. As 01 is cut off its collector will

go negative and due to the resistor divider, R1 and R7, the base of QZ will go negative.

As the base of 02 goes negative, 02 will go into saturation. As 02 saturates, its collector

will go positive and due to the resistor divider of R2 and R3 the base of Ql will be reverse

biased at approximately +3.5 volts, keeping 01 cut off, after the input pulse has passed.

The network will remain in the "I" state until reset by a positive pulse on pin 7 or trig-

gered from a pulse on pin 3, the counting input. If a positive pulse is applied on pin 3

through an external capacitor for differentiation, both O1 and O2 will be cut off. Capaci-

tors C1 and CZ retain charges which are dependent upon which one of the transistors was

saturated before the input pulse occurred. Since the input pulse is differentiated by a small

input capacitor, it will last a very short time, less than one microsecond. At this point,

the internal capacitors C1 and CZ take over, turning on the transistor that had previously

been off. For example; assume the network is the "i" state, therefore Ql is cut off and 02

is saturated. The voltage across C1 will be approximately 3.5 volts and across C2 will be

approximately 26 volts. When pin 3 goes positive above 0 volts, both bases will be driven

positive, cutting the transistors off. The collector of 02 starts to go negative from 0 volts

to -23 volts. Since this occurs almost instantaneously and C1 has been charged only 3.5

volts the base of O1 will go negative, turning Ql on. As Ql is turned on, 02 is held cut

off and we are now in the "0" state as explained previously. Note, since the collector of

Ql was at -23 volts before the pulse occurred on pin 3 and there wasn't any change of col-

lector voltage when the pulse did occur. The base of QZ would not experience any change

through C2. The output pins of the network are 5 and 8. When the network is in the "0"

state pin 5 will be at 0 volts and pin 8 will be approximately -23 volts and the reverse is

true when the network is in the "I" state. Although the description of operation has been

based on voltages of +15 volts and -Z5 volts this network will operate equally on voltages

of +12 volts and -20 volts or +I0 volts and -15 volts.
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TN 111

ONE-SHOT (MONOSTABLE MULTIVIBRATOR)

The TNlll is a one-shot (monostable multivibrator) used for generating a pulse

which can be varied from a mlnirnumof one mlcrosecondto well over Z00 microseconds. In the

quiescent ,co_dition, transistor Ql is saturated by the base current through resistor RS.

Since trans_'r_t,or Q| is saturated, voltage divider R7 and R8 is connected between +15 volts

and zero volts,, _#tabalshiag a reverse bias voltage on the Q2 base and keeping QZ cut off.

Resistors RI an_l St_ _o_m ,a_o_tage divider, establishing a noise bias of approximately

-Z. 5 volts, so that normal _np_t _noise will not trigger the network. A positive pulse of not

less than I0 volts, with a rise tide,not g.reater than 0.5 microseconds, will trigger the net-

work by cutting off transistor QI. Transistor Q1 is cut off when the input pulse raises the

base voltage of transistor Q1 above zero volts. Capacitor C1 is used to differentiate the in-

put pulse so that a long duration input pulse will not affect the length of the output pulse.

With Q1 cut off, resistors R4 and R7 provide a path for the base current of transistor

QZ, and Q2 saturates. The collector voltage of transistor QZ will rise from -25 volts to

almost zero volts. This rise in voltage is coupled to the base of transistor Q1 through

capacitor C2, keeping transistor Q1 at cutoff until the R-C time of capacitor CE and resistor

R3 allows the base voltage of transistor Q1 to return to less than zero volts. Q1 saturates

again and cuts off Q2.

This time can be lengthened by adding capacitance in parallel with capacitor C2. The

terminals of C2 are brought out on pins 6 and 8 of the network. CR2 is used to decrease

the fall time of the output pulse by preventing C2 from discharging through R6. Resistor R5

provides a dc path for the current of CZ. This network will oper,ate(_n!lower power supply

voltages, such as +lZ and -Z0 volts, or +10 and -15 volts.
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TN 13OB

CORE DRIVER

The TNI30B is a blocking oscillator with amplifier which generates a positive going

pulse from -20 volts to 0 volts, with a time duration determined by the core with which it is

used. The TNI30B is normally used with a MEC Model MNI3 core, which gives it a pulse

width of approximately 40 microseconds.

In the quiescent condition, transistor Q1 is maintained in cut off. ,The emitter voltage

of QI is determined by the forward voltage drop of diodes CRY- and CR4 (I, 5 volts) and is at

approximately -18.5 volts. The base of Q1 is returned to -20 volts through RZ and the

feedback winding of the core, connected from pin 5 to -20 volts. The d-c impedance of the

feedback winding is approximately 5 otl_ns; thus the base of QI is nearly -Z0 volts, keeping

QI reverse biased approximately 0.7 volts and properly cut off. Since there is no QI col-

lector current, the collector voltage is+iZ volts.

A positive going input pulse at pin 3 is coupled by capacitor CI, diode CIRI, and

capacitor C2, paralleled with RZ to the base of QI. This pulse starts QI conducting. The

resulting QI collector current passes through the col]ector winding of the external core.

This generates a voltage across the collector winding coupled through the core to the feed-

back winding. By noting the phasing of the windings on the core, it can be seen that, as the

collector voltage becomes negative, the voltage at pin 5 is becoming positive. This in turn

drives Q1 further into conduction, even after the input pulse has been differentiated by CI.

Q1 saturates in approximately one microsecond with an emitter-collector voltage of approxi-

mately 0.25 volts. QI will remain saturated as long as transformer action in the core

continues to drive pin 5 of the TN network sufficiently positive to cause Q1 base current to

flow. The pulse width (approximately 40 microseconds for an MNI3 core) is determined by

the characteristics of the core.

When the core material finally reaches saturation, transformer action in the core will

cease, the feedback winding will no longer drive pin 5 positive, and Q1 base current will

stop. This cuts off Q1. With no current in the collector winding of the core, the current

in the reset winding resets the core. This reset current is furnished to the reset winding

(pins 4 and 5 of the core)through resistor R4 and diodes C1RZ and CR4. This involves going

from the plus saturation condition attained during the output pulse to a minus saturation

condition (reset). During this time, the voltages at the feedback winding and the collector

winding are reversed. The reversal of a voltage at the feedback winding increases the re-

verse bias on Q1. The reversal of voltage in the collector winding tends to drive the output

voltage somewhat more positive than the +12 volts on pin 7. It takes approximately 30

microseconds for the reset action to be accomplished.
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The Rrnpllfier section QZ is normally biased to cutoff by voltage divider R7 end R6.

With no collector current flowing, the quiescent collector voltage of QZ is -20 volts. The

negative going pulse generated by the blocking oscillator section is coupled to the amplifier

base through CR3, R5, and C3. The diode provides for rapid cut off of the amplifier, there-

by minimizing the fall time. R5 and C3 serve as base current limiting and rise time deter-

minants. The load is connected between -20 volts and 0volts and should be limited to no

less than 8 ohms (2.0to 24 MNII cores).
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TN 134

GATED OSCILLATOR AND SQUARING CIRCUIT

The TNI34 is a gated oscillator (80 cycles to 5 kilocycles per second), which can be

turned on or off by an external switching circuit. The oscillator section (Q2) is followed

by two emitter-followers (Q3 and Q4) and one squaring amplifier (QS), which amplify and

clip the signal so the output is a square wave. The oscillator tank circuit consists of an

external inductor, connected between pins 2 and 5, and external capacitors C1 and C2.

The oscillator is turned on by clamping pin 3 to the minus supply voltage, and is turned

off by clamping pin 3 between -i volts and 0 volts.

When the voltage at pin 3 equals the minus supply voltage, the input transistor Q1

will be at cutoff and will have little or no effect on the oscillator transistor Q?. The base

of Q2 is returned to a minus voltage, cutting off Q2 and sending the tank circuit into

oscillation. The first half cycle of the tank curcuit applies a positive voltage to the junc-

tion of C1 and C2, keeping Q2 cut off. C1 and C2 will be partially charged during this

positive going portion of the cycle by current through R6. As the oscillation in the tank

circuit reverses, the junction of C1 and C3 tends to become negative, driving Q1 toward

saturation, and pulling the tank circuit negative through pin 5. When _I_ saturates the

junction of CI and C2 is no longer driven negative and QZ cuts off, starting the cycle over

again.

The phasing of the drive into Q1 is such that the tank circuit is pulsed at the proper

portion of its cycle to maintain oscillation. The voltage across the tank circuit, pin 5, is

coupled to the base of emitter-follower Q3. Q3 drives another emitter-follower Q4. Q4,

in turn, drives amplifier Q5 from cut off to saturation. The resultant waveform at the

collector of Q5 is a square wave which goes from the minus supply voltage to approximately

0 volts at the same frequency as the oscillator. When the oscillator is switched off again

by the pin 3 voltage approaching 0 volts, Q5 will saturate and the output will remain at 0

volts. The supply voltages may be -25 and +15 volts, -20 volts and +13 volts, or -15 and

+10 volts.
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TN 138

ONE-SHOT WITH EMITTER FOLLOWER OUTPUT

The TNI38 is a monostable flip-flop used for generating a pulse which can be

varied in width from a minimum of about Z microseconds to over g00 microseconds. In

quiescent condition, transistor (21 is saturated by the base current through resistor R3.

Since transistor (21 is saturated, voltage dividers R7 and R8 are connected between +15

volts and 0 volts, establishing a positive bias voltage on the (2Z base, and keeping (22 cut

off. Resistors R1 and RZ form a voltage divider, establishing a noise bias of approxi-

mately -g. 5 volts, so that normal input noise does not trigger the network.

A positive pulse of not less than 10 volts, .with a rise time not greater than 1 micro-

second, will trigger the network by cutting off transistor (2L (21 is cut off when the input

pulse raises the base voltage above 0 volts. Capacitor C1 is used to differentiate the

input pulse so that a long duration pulse will not affect the length of the output pulse.

With (21 cut off, resistors R4 and R7 provide a path for the base current of tran-

sistor (22, and (2Z saturates. The collector voltage of transistor (2Z will rise from -Z5

volts to nearly 0 volts. This rise of voltage is coupled to the base of transistor Q1

through capacitor CZ, keeping transistor (21 at cutoff until the R-C time of capacitor C 2

and resistor R3 allows the base voltage of transistor (21 to return to less than 0 volts.

(21 now saturates again and cuts off (22. This time can be lengthened by adding cap-

acitance in parallel with capacitor C 2.

The terminals of C 2 are brought out on pins 6 and 8 of the network. CR2 is used

to decrease the fall time of the output pulse by preventing CZ from discharging through

R6. Resistor R5 provides a d-c path for current of C 2. (23 is the emitter-follower

which will drive a load of ZOO ohms.
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TN 138B

ONE-SHOT WITH EMITTER FOLLOWER OUTPUT

The TNI38B is a one-shot (monostable multivibrator) with an emitter follower output,

This network can drive low impedance loads because of the emitter follower output.

The network_s quiescent state is with Q1 saturated and with QZ cut off. The base of QI

is forward biased by 1R3 which is connected to -25 volts, thus saturating Q1. Since Q1 is sat-

urated, the base of Q3 is reversebiased by the voltage divider 1R7 and 1R8 between +15 volts

and the collector of Q1 (0 volts}• With Q2 cut off, its collector is at approximately -25 volts;

therefore the base of Q3 is at the same voltage as the emitter of Q3, keeping Q3 near cut off.

Pin 7 will be at -25 volts and pin 5 will be at 0 volts. The resistor divider of 1R1 and Rg will

maintain a reverse bias on diode C1RI of approximately 2.2 volts for protection against noise

impulses. When a positive pulse of sufficient amplitude is applied to pin 3 to cause conduction

of GR1, transistor Q1 will be cut off. The collector of Q1 will therefore go negative toward

-35 volts. This negative going voltage potential is coupled to the base of Q2 through C3 and

1RT. This will cause the base of Q2 to go negative with respect to the emitter. Q2 will now

conduct, and starts to saturate rapidly. The collector of Q2 will now go positive from -2$volts

to 0 volts. This voltage change, being coupled through GZ to the base of Q1, will keep Q1 cut

off after the input pulse has passed. G2 has now been charged, and will start to discharge

through IR3. When G3 has discharged sufficiently to allow the base of Q1 to return to its qui-

escent negative potential, Q1 will saturate. As Q1 saturates, its collector will go positive,

Due to the resistor divider of R7 and R8, the base of Q2 will also go positive, reverse biasing

Q2 and cutting it off. The one-shot has now returned to its quiescent condition.

The time constant of IR3 and G2 determines the pulse width, which is about 1 microsecond.

By adding external capacity across pins 6 and 8, the RG time constant is increased and thus

the pulse width is increased. When Q2 is saturated, the base of Q3 will be positive in respect

to the emitter, and this will cause Q3 to go into saturation. Pin 7, the output of the emitter

follower, will go to 0 volts. Q3 will be in saturation as long as Q2 is in saturation. When

Q2 is cut off, Q3 will be near cut off, and pin 7 will return to -25 volts.

Although the description of operation has been based on voltages of +15 volts and -25

volts, this network will operate equally on voltages of +10 volts and -15 volts.
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TN 144

FLIP-FLOP WITH PULSE AMPLIFIER OUTPUT

A TNI44 is a bistable flip-flop with a pulse amplifier output which can be used to

drive a load of 85 ohms or more. Since most flip-flops are limited to the amount of

loading, which affects the switching of the flip-flop, a pulse amplifier has been added to

permit greater loads. A transistorized neon indicator may be connected in parallel with

the load to indicate the states of the flip-flop. The network is normally defined as being

in the "011 state when transistor QI is saturated and Q2 and Q3 are cut off. The "I" state

is the condition when QI is cut off and QZ and Q3 are saturated, Assuming that QI is

saturated ("0" state), then its collector is at approximately -0.25 volt, Resistors R7 and

R6 are then connected from +12 volts to 0 volts, and by divider action hold the base of Q2

at approximately +1.8 volts. Since the emitter of Q2 is at 0 volts, this reverse bias keeps

QZ cut off. With QI saturated, its base is at approximately -0.5 volt, so the current

through resistor R1 is approximately 0.2 rnilliamps. Since Q2 is cut off, its collector is

at approximately -19 volts, and the current through R2 and R4 is therefore 0.4 milliamps.

The difference between the currents in R1 and RZ is the base current of Q1, which is suf-

ficient to clamp Q1 in saturation. This mode of operation is therefore stable. Q3 is cut

off when Q2 is cut off, since the base of Q3 is at -19 volts, reverse biasing the emitter.

Since Q5 is cut off, there is no collector current (except for leakage) and pin 8 is at ap-

proximately 0 volts. The input voltages at pins 3 and 5 must be somewhat negative during

quiescent conditions, The flip-flop may be triggered to the '11" state by raising the voltage

at pin 3 to a positive value so that diode CR1 conducts, thus raising the base voltage of Q1

to a positive value. Note that the input pulse will be loaded somewhat, so it cannot be gene-

rated by a high impedance source. With the base of Q1 positive, Q1 is now reverse biased

and cuts off. With Q1 cut off, R7 and R6 are no longer connected between the +12 volts

and 0 volts, and Q2 is no longer clamped off. Instead, base current of QZ may now flow

through resistors R6 and RS, cuasing Q2 to saturate. Now resistors R1 and R2 are con-

nected from +12 volts to 0 volts, and clamp the base of Q1 at approximately +5 volts,

holding Q1 in a cut off condition after the input pulse passes. As Q2 is saturated and its

collector goes positive, the base of Q5 goes positive enough to allow Q3 to saturate. R5

limits the base current of Q3. As Q3 saturates, pin 8 (the output pin) goes negative to ap-

proximately -17 volts. R8 is the collector load resistor of Q3, to furnish a minimum

collector current when there is no external load from pin 8 of the network to 0 volts. This

is the other stable condition which will be maintained until Q2 is cut off by a positive pulse

on pin 5. A positive pulse (normally called reset) on pin 5 will allow base current from

Q1 to be conducted through R2 and R4, driving Q1 back into saturation and restoring the

initial condition. Diode CR3 is included to suppress the inductive effects of an external

relay coil (if used) connected acrosspins 8 and Z. As Q3 goes from saturation to cut off,

the relay coil is de-energized. Hpwever, the inductance of the relay coil attempts to
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maintain the current through itby driving the voltage at pin 8 much more positive than 0

volts. Ifthis were allowed to happen, QZ could be damaged by the excessive collector-

emitter voltage. During most phases of the cycle, CR3 is reverse biasedl consequently,

it does not enter into the operation of the circuit. When the relay is de-energized and pin 8

is driven positive by the relay inductance, CR3 is forward biased and conducts, providing

a path for the current through the relay coll and eliminating the excessive transient voltage

to appear on the collector of Q3.
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TN 154

SHIFT REGISTER FLIP-FLOP

WITH EMITTER FOLLOWER OUTPUT

The TNI54 is a bi-stable flip-flop normally used in a shift register which has an

internal shift network and an emitter follower as an output. The internal shift network is

used as the shift register serial output; that is, pin 7 of one TNI54 is directly coupled to

pin 3 of the next TNI54. The emitter follower output, pin 8, is used to read out data in

parallel from the shift registers. A transistorized neon light is normally connected, in

parallel with the load, to pin 8, to indicate the states of the flip-flops. The light is lit

when the network is in the "l" state, and off when the network is in the "0" state.

The "0" state is defined as the condition when Q1 is saturated and QZ and Q3 are

cut off. The "l" state is the condition in which the reverse is true. Assume Ql is satu-

rated {"0" state); then the collector voltage of Ql will be approximately 0 volts, and the

resistor divider of R4 and R6 will maintain +2 volts on the base of Q2. This will consti-

tute a reverse bias on Q2, keeping it cut off. With Q2 cut off, resistors R1 and R5 will

provide a path for Ql base current, clamping Ql in saturation. Since Q2 is cut off, its

collector will be at approximately -13 volts; therefore the base of Q3 will be at -13 volts. •

This will keep Q3 near cut off, and the data output, (pin 8), will be at -13 volts. This

condition is stable and will not be changed until a positive pulse above 0 volts on pin 3

causes CRI to conduct. When CRI conducts, the base of Ql is driven positive above 0

volts, reverse biasing Ql, and subsequently cutting H off. As Ql is cut off, its collector

will go negative; due to the resistor divider, R4 and R6, the base of Q2 will also go

negative. As the base of Q2 goes negative, Q2 will go into saturation. As QZ saturates,

its collector will go positive and, due to the resistor dividers R1 and R2, the base of Q1

will be clamped at approximately +2 volts. This keeps Q1 cut off after the input pulsehas

passed. Also at this time the base of Q3 will go positive, like the collector of Q2, and Q3

will saturate. Therefore the emitter of Q3 and pin 8 will go to 0 volts. The network is

now in the "l" state and will remain there until reset by a positive pulse above 0 volts on

pin 6. When this does occur, the network will go to the "0" state as described previously

and pin 8 will go to -13 volts.

When QZ is conducting, (a pulse has occurred on pin 3), capacitor C1 charges through

CRZ and R8. CRZ is used to prevent the shift pulse from back triggering the flip-flop and

to keep the charge on C1 from leaking off rapidly through R5. When shifting information

through the register, the shift input, (pin 5) goes from -10 volts to approximately 0 volts

for 5 microseconds. If the TN is in the "0" state, the junction of C1 and CR4 will go from

-14 volts to -4 volts and back to -14'volts. If the TN is in the "l" state, this junction will

move from -g volts to +8 volts and back to -Z volts. In a shift register, pin 7 of one TN154

is connected to pin 3 of the next TN154. The pulse at the junction of Cl and CR4 will have

no effect on the next flip-flop unless it goes above 0 volts. This will occur only if a "l"

(QZ saturated) is present in the first network. The reset pulse is necessary in order to

reset all the TN's to a "0" state before the shift pulse, since transmitting a "l" or "0" to

the next stage does not automatically remove a "i" from the preceding stage. In shifting,

the 5 microsecond reset pulse first triggers all the TN's to the "0" state, and then the 5

microsecond shift pulse advances the "I" that has been temporarily stored in the capacitor.

Capacitor Cl starts to discharge when the reset pulse cuts off QZ, but the RC time constant
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of C2 and R9 is long enough so that it will not discharge significantly before the shift pulse

occurs. CR y`will be charged I0 volts by the shift pulse. If the junction was at -_ volts

("l" state) before reset, the shift pulse will cause the junction to rise from -2 volts to +8

volts. CR6 will conduct, causing pin 5 of the next network to go positive, thus inserting a

"l'. If the junction was at -14 volts ("0" state) before reset, then this junction will rise

to -4 volts when the shift pulse occurs, and CR6 will not conduct, because it is reverse

biased. Therefore the next network will remain in the "0" state, and a "0 t' has been

shifted.

Q3 is an emitter follower to isolate the flip-flop so that a lower impedence load can

be driven from the parallel output of a shift register.
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TN 158

CONTROLLED ONE-SHOT

The TN-158 is a controlled one-shot (mono-stable multivibrator) with an emitter

follower output. It is controlled, because the unstable state may be terminated at any

time by an input pulse on pin 5. This network can drive low impedance loads because of

the emitter follower output.

The network's quiescent state is with QI saturated, and with Q2 cut off. The base of

QI is forward biased by K3, which is connected to -Z0 volts, saturating QI. Since QI is

saturated, the base of Q2 is reverse-biased by voltage divider R6 and R7 between +1_

volts and the collector of Ql (0 volts). With Q1 saturated, its collector is at approximately

0 volts; therefore, the base of Q3 is at the same voltage, forward biasing Q3 and keeping

it saturated. Therefore, pin 7 will be at approximately 0 volts. The resistor divider of

RI and R2 will maintain a reverse bias on diode CRI of approximately 7 volts.

Now, when a positive pulse of sufficient amplitude is applied to pin 3 to cause con-

duction of CR1, transistor Q1 will be cut off. The collector of Q1 will therefore go

negative toward -20 volts. This negative going potential is coupled to the base of Q2

through C3 and R7. This will cause the base of Q2 to go negative with respect to the

emitter. Q2 will conduct, and starts to saturate rapidly. The collector of Q_ will now go.

positive (from -20 volts to 0 volts), and this voltage change, coupled through G7 to the base

of QI, will keep Q1 cut off after the input pulse has passed. When Q1 is cut off, Q3 will

also be cut off, and pin 7 will go to -20 volts. C2 has now been charged, and will start to

discharge through R3. When C2 has discharged sufficiently to allow the base of Q1 to re-

turn to its quiescent negative potential, Q1 will saturate. As Q1 saturates, its collector

will go positive, and, due to the resistor divider R6 and R7, the base of Q2 will go positive.

This reverse biases QZ, cutting it off. When Q1 is saturated, the base of Q3 will be posi-

tive with respect to the emitter, and this will cause Q3 to go into saturation. Pin 7, the

output of the emitter follower, will return to 0 volts. The one-shot has now returned to

its quiescent condition.

The time constant for R3 and C _- determines the pulse width, or the time duration of

the unstable state, which is about 3 microseconds. By adding external capacity across

pins 6 and 8, the RC time constant is increased, and thus the pulse width is increased.

Pin 5 is an auxiliary input, and is used to shorten the existing time duration of the un-

stable state. That is, a positive pulse on pin 5 will cause Q2 to be cut off before the

normal RC time of the circuit.

Assuming that the network is in the unstable state: Q1 is cut off and QZ is saturated,

while CZ is starting to discharge. A' positive pulse, above 0 volts occurs on pin 5, causing

GRZ to conduct. The base of Q2- will be reverse-biased, therefore Q2- will be cut off. As

Q2- is cut off, its collector will go negative toward -Z0 volts. This negative going potential

is coupled to the base of Q1 through CZ. This will cause Q1 to be forward-biased, and it

will start to saturate. QZ will be held cut off by the same divider as explained previously.

By cutting off Q2- from a pulse on pin 5, we have caused C2 to discharge rapidly; therefore,

the one-shot is returned to its stable or quiescent state immediately.

Although the description of operation has been based on voltages of +lP. volts and -Z0

volts, this network will operate equally as well on voltages of +10v and -15v.
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TN 159

PULSE AMPLIFIER

A TN159 is a two stage pulse amplifier. If this TN is connected to the power supply

voltages as shown on the schematics, it may be operated as follows. With the emitter of

Ol at -6 volts, and the input to the base of Q1 through a series input resistor at a more

negative voltage than -6 volts, then Q1 is cut off and the collector of Q1 is at +17 volts.

With the collector of Q1 at +IZ volts, then the base of QZ is reversed bias and Q2 is also

cut off. With Q2 cut off, the collector voltage of Q2 on pin 8 is at -20 volts. When the

input to pin 3 is raised to a more positive voltage than -6 volts, then Q1 is forward bias

and saturates. When Q1 is saturated, its collector voltage is -6 volts. R1 and I_2 form

a voltage divider between +12 volts and the collector of Q1 which is at -6 volts. The

junction of R1 and RZ is connected to the base of Q2, therefore forward biasing O2 and

causing it to saturate. With Q2 saturated, the collector output {pin 8) is at 0 volts. There-

fore, a small voltage change on either side of -6 volts on the input of pin 3 will cause a 20

volt change on the pin 8 output.

This network will operate on lower power supply voltages provided the -20 volts and

+12 volts are decreased in proportion and that the pin 7 voltage is between -3 volts and -10

volts.
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TN 161

FOUR EMITTER FOLLOWERS WITH DIODE CLAMPS

The TNI61 is a network consisting of four independent emitter followers. The

description of operation that follows will be for one emitter follower since all four cir-
cuits are identical.

The typical inputs are d-c levels, -Z0 volts (a "0") and 0 volts (a "1"). When the

input, pin 7, is at -Z0 volts, CRI will be forward biased and will conduct, causing the

base to stay at -1Z volts. The -IZ volts is derived from a zener diode CR9 and resistor

Rg, connected between 0 volts and -Z0 volts. QI is now forward biased and its emitter

will follow the base; i. e. , the emitter is at -1Z volts. Since the emitter of Q1 is a -IZ

Volts, pin 11 is at -1Z volts. The output will not change until the input voltage goes above

-IZ volts. As the input voltage on pin 7 goes positive, from -Z0 volts to -1Z volts, the

voltage at the base of QI does not change; but as the input goes more positive (from -1Z

volts to 0 volts), CR1 will now be reverse biased, and the base will rise to 0 volts, like

the input. As the base goes positive, the emitter will follow, and also will pin 11. Any

further increase of the input above 0 volts will not change voltage of the output since the

output is damped at 0 volts with CR5.
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TN 162

PULSE COMPARATOR

The TN16Z is a pulse comparator which compares the input pulses on pins 3 and 6 of

the network. Basically the operation of the network is that if there is no inputs on pin 3 or

pin 6 there will be no output on pin 7, i.e., it will be at-Z0 volts. If pin 3 or pin 6 has an

input which is a pulse from -Z0 volts to 0 volts, there will be an output pulse on pin 7 which

will be from -Z0 volts approximately to -3 volts. If both pin 3 and pin 6 has an input, then

there will be no output from pin 7. The two inputs pin 3 and pin 6 are symmetrical inputs,

in fact the complete network is a symmetrical network. Transistors Q1 and Q4 control the

action of QZ and Q3. Whenever Q1 and Q4 are in the same state, both Q1 and Q2 are cut off

and there is no outputs on pin 7. Whenever Ql and Q4 are in a different state, the sym-

metrical network is unbalanced and either QZ or Q3 will conduct and pin 7 will go to -3

volts. If pin 3 has a "1" (0 volts) input, then Q1 is reversed biased and is cut off because

the emitter of QI is maintained at approximately a -Z volts by the voltage divider 1%11 and

RI0. If the other input pin 6 is a "0" or -?_0 volts, then Q4 is saturated by the base cur-

rent through R9 and the emitter and collector voltages are almost identical, which is at

approximately -Z volts.

Divider network R6 and R7 then hold the base of QZ at approximately +1 volt while

divider network RZ_ R4 and R5 hold the emitter of QZ negative, hence QZ is cut off. Q3,

however, is saturated because base current of Q3 can flow through 1%?. and R4 while the

emitter is at -Z volts. The collector current of Q3 (flowing through 1%3) forms a voltage

output on pin 7 which is at approximately -3 volts. If both pin 6 and pin 3 inputs are a "0"

or -Z0 volts, then Q1 and Q4 are both saturated and QZ and Q3 are both cut off and there is

no current flowing through 1%3; hence pin 7 is at -Z0 volts. If both inputs are "l"s, then

QI and Q4 are both cut off so QZ and Q3 are cut off since their bases are still more positive

than their emitters. This action allows this network to compare the two inputs to see if the

inputs are alike. It can be briefly stated: unlike inputs give an output but like inputs give

no output.

This network may be operated on lower power supplies voltages such as -15 volts

and +10 volts.
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